


ELECTRIC 

LIBRARY 

■voi.Ti 


FOR. ENGINEER.S. ELECTRICIANS 
ALL ELECTRICAL WORKERS 
MECHANICS AND STUDENTS 

Presenting in simplest, concise form 
the fundamental principles, rules and 
apfllications of applie d electricity, 
fully illustrated wi th diagr ams and slcetchea 
Including calculaticns and table s for ready reference 

Helpful Questions and answers. Trial tests 
for practice, stud y and review. 

Design, construction, operation and maintenance 
of modern electrica l machi nes and appliances. 

Baaed on the best knowledge and experience 
of applied electricity. 

w6^IBAIIKR»iUiAM^RS.]ML8JRS.,££ 


D. B. TARAPOREVALA SONS & CO.' PVT. LTO. 
TREASUXE HOUSE OF BOOKS 
atODr. OAOABHAI MAOeOllilOAO, BOHBAY t. 



FIRST JMPISS^ON, SEPTEMBER, I938. 


RepHrUj 

1940, 194a, 1948, i960, 196a 1988 


K. L. Bbargava & Cb., Iin|>raM!tott 

G. Dr^Miuur Marg, Bombay. 31 and publidied by R. J. Tarai>o«eWR 
for D. B. Taraporevala Skms & Go. Private Ltd., aio, l!>r. Dadafahid, 

Naoroji Road, Bombay 1. 



Foreword 



This sed^ is dedicated to Electrual 
Progress— to aU who have helped and 
those who may in the coming years help 
to bring further under human contrd 
and service to humanity this mi|^ty 
force of the Creator. 

The Electrical Age has opened new 
problons to all connected with modem 
industry, making a thorough working 
knowledge of the fundamental prixKio 
pies of applied dectridty necessary. 


The author, following the popular appeal for practical 
knowledge, has prepared this inogressive secies for the electrical 
worker and student; for all wlm are seeking electrical knowledge 
as a life profession; and for those who find that there is a gap in 
their training and knowledge of Electricity. 


Simidkity is the keynote throughout this series. From tins 
progressive step-by-st^ method of instruction and explanation, 
the reader can ea^ gain a thorough knowledge of modem 
dactfical practice in Hne with the best information and experi* 

CQDG;« 


The author aixl publishers here gratefully acknowtaMI^ 
henty and generous help and co<)peration of aU those wl||w 
aided in developing this helpful s»^^f^ii^|gpto||, 


The serjes will t^ieak for itself and '^those^t^otddmBclW.^^ 


fhePMshm. 


Reader^ Information Finder 



IMPORTANT 

To quickly and easily find informaticHi on any subject, read 
over the general chapter headings as shown in the large type~- 
this brings the reader’s attention to the geno-al clasdficatioB 
information in this book. 

Each chapter is progrescsTe, so that if the^reader will use Ae 
outiline fdlowing each general cluster heading, he will rea^y 
eome to the infwmation dedred jsnd the j^e on niiieh le 
find it. 

Get the habit nnng this Index— 4t will <jbidEly rereni * 
▼ast mine oi Tslnabie infiwBiatien. 

**An hour with a book would haeo brougkl to ybur Mdsdi 
The secret that took the whole year to fthd; 

Thejocts that you learned at enormous expeum. 

Were all on a library shV lo commenee*' 
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CHAPTER 77 

Relays 

By de6xution a relay is a device which opens or closes oh 
anifliary drcnit under pre-determined electrical conditiom in tin 
main circuit. 

The object of a relay is generally to act as a scat of dlec- 
trical multiplier, that is to say, it enables a comparatively weak 
current to bring into operation a much stronger current. 

The uniai purpose of a iday is to assist in disctxmecting that pert an 
dectrical system, in whkh a foult hasoocorred, from the rest of the system, 
with the tost possible dday; and to limit such disconnecting to that part 
of the system that is in trouide. Rdays. hoimver. are used for other por- 
POM. Budi as for signaling; for contidling the operating current of sc4e« 
noids, motors, etc., and thus redudng the amount of current to be bidton 
by the contrd switch and the size of tods run to tiie switdtboard; for ito 
atom or lamp indication of the automatic operation of oil switches or dr* 
odt hceafcsrs; and for electrically inteiioddng switches or ciccuit bieahem. 

In the developinient of relays to meet the various require- 
ments of protection for the dreuits and apparatus, there are a 
number c^ protection principles upon which thdr design de^ 
pends. The advantage and disadvantages of these varioiis 
principles Can be studied, and their particular fields of aimhcs* 
tkm defined. These prindpies aret 

l» Over current 5. Differential 

Inverse time 6. Ground or residual 

3. De&kite thne 7. Over current with under vdts|e 

4. Ohfec^onal 8. thermal 
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Over Currcmt.— -The simplest protective principle is that 
which uses a so called instantaneents over current to distinguiid^ 
between normal and abnormal conditicms.* 

An epmpte of over current principles is the ordinary series trip cdl when 
used without a time device. Since trannent excess current must be con- 
sidered as normal, it is necessary to make the protective scheme inoperative 
under these transient conditions. This can hie done only by inoeasing the 
current setting so as to be out of range of the normal transients; hence 
schemes involving this r»indple will never be sensitive to small over 
currents. 

With regard to selectivity, schemes working on this principle will be 
effective undo* two conditions. First, in cases where the main supply ^vides 
into a large number of radial feeds and the foult current on one of the radial 
feeds is less than the minimum permisuble setting of the mam supply. The 
protective device on the main supply can then be set high enough to be 
inoperative for a fmdt on one of the radial feeds, and thus service will not be 
intcsTupted except in the faulty section. This is usually the case when dis- 
tribution feeders radiate from a substation bus. Second, in cases where 
tlwre aresevaral parallel feeds, and curr«it flows to the fault in one through 
all the others; if there be a sufficiently large number of parallel feeds, so that 
the maximum current due to a fault in one, when divided among the others, 
will be lower than the minimum setting of the protective device on alt 
feeders except the faulty one. This condition is rarely encountered . 

Inverse Hme. — ^The time of operation of relays operating 
on this principle varies approximately inversely with the 


fim* 4flBS mod 4496 . — Tva Qmiinwd^ 

ii) tht dte as they pass under the electro-magnet is such that the additional torque reqidied 
as the spiifig winds up is luovided, thus making the starting current uniform iot ail initial 
poattkms of the disc. In reality the relay requires slightly more current to dose the contacts 
than isreqiilied to start the disc in motion from the inttial extreme positscm. l!tusserves to 
prevent the disc creeping on fluctuating loads, where there axe frequent peaks above the relay 
SSUthg. This feature is an important advantage of the present type of indncticm relay* 


eoMiiltlioiia indude conditions not only up to the atlowatde oontlmioiia 
mvmt cumnt. but also transient oonditions, which, although invdvixig current vahies greatly 
in eaeess of laannai* are not of suffidenUy lono duration to have harmful edects* This deft* 
nstion Indudes as nocmal suidi currSnu aa motor starting current, the rush of ctnmit ishtth 
a tranatomnr or loog line is first ansigiaed. and tyndxrnnuniig current when m ac hin es am 



2,356 


Relays 


nutpiUude of the current. This permits lower cunieiit|^tttn|^, 
thus giving increased sensitivity. ‘ 

Under abnormal conditions, if a fault produce a slight over co!ii|;tot for a 
long enough time or a large enough over current for a short tinw; the pro* 
tective device operates. ^ , 



Fio. 4.197.— WettiacboiiM (inductiaa) amt cmnat letay with oov«r lemovgd tbirwias 


Definite '^e.-— A third protective principle vdiich is 
great value is the d^niie time over current. This piiiidlfie ia 
usually used in combination with the preceding one to giiie 
the f a m i li a r inverse definite minimum time relay. 

Protective devices operating on this principle have inverse thne dttnu}* 
IcristiGs up to a certain value of current, while at all higivy vahMS liwv 
operate in a certain d^nite mhiimuin time. Such edwms me neoeiAaiy 
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lAece ttMsre is no Innndiing of the drcuit at the junction of the hitilty sec- 
tkn to the rest of the system, as in a radial or a tandem syston. 

In allying this principle, the potective devices at the differ«\t pdnts 
havo tl^ deimte minimum times adjusted so that with ahoormal values of 
torrent titey operate in a definite order. beginniiiiC with the ones farthest 
from the generating station. 


Directkaul. — Relays working on this ininciple permit a nor^ 
mol direction of current only.* 



PUTeMflitial. — In any sectkxi of a system the current fiomint 
iiato ike mtim amst eqnal tiuU flowing out so long as the seidim 


eumwi* In an M. ajretom weana the ixrtwr Tifymm$ktp (iftnm 
me metmt. mm. *» npptv tha twene princtple. wltaie mmt ty 

it hw baw auaw^ to w ” * 

4ka««mfcflatd,siims»ti»liwheunirottaa gi^^ tWa ad wme to wrt wW, 'Wff 

IBOwnliviay, Since mdtt teem m 

^ H i|i to mite the dimeteililteiiiaflt 




2,358 


Relays 


Contacts 


Figs. 4.199 and 4.200, 
— Viewsj showing con* 
straction of General 
Electric induction 
single element 
erential relay. 


NOTE . — There are two 
classes of directional 
relaye: the ordinary or 
uni^direciional and the 
dtuhdirectionaL The unt^ 
directional relays are in* 
tended to be installed 
on each separate feeder^ 
whereas the duo-dtrec- 
tiona! relay is to be con* 
nected between a pair of 
incoming lines at the 
substat ion end . The cur* 
rent tramformers on the 
two lines are cross con* 
nected. so that the 
fSlay will trip whichever Hue is carrying the greater carrent away from the bus bars. The 
advantage of this arrangement over the iwe ci the uni-dtrecUonikl rdays is that one set of 
duo-directional relays costs less than two sets of the ordTinary type. However* part of this 
advantage is lost because of the extra trouble and expense of makbg the crass oomiectioii* 
The duK^irectionat relay has been used on tie lines between generating stationa where 
the .balanced feature was important, but the selective diHerentid relay is more Sittfeblt 
for this purpose. The duo-directional relay and the cross-contiected scheme k not cecom* 
mended for ordinary application. This relay Is an excess current relay dement, with its 
contacts in series with those of a selective watt meter, or directional dement, the exams 
current dement doses its conucts on excessive current in either direction, but the oootacia 
of the sdecttve watt meter dement remain open as long as power fk»ws Into the aiatioii. 8Mi 
vday hsm three separate adjustments: 1, the cunent at which it will tnimrate; 2, the rioss hi 
whkh it will operate, and 3. the direction in which the power must fkw to operate it. It 
dionld always be connected to the circuit in such a way that it will trip its drcait bnaker 
wiisn ^ power it dowing away from the bus bam. The term ^^verse power vdOaf* is 
ediat mhAeadkMP while '^directional iday** is nearer c orre ct and preleiied. 



Relays 


2,359 





2,360 


Relays 


has no electrical fault within itself. The device f(»’|idetecting 
abftonnal conditions is arranged to balance the iww^l input 
current or power against the normal output; it oper^^ when 
any abnormal condition such as a short circuit or grc«^ pro^ 
duces an unbalance. 

The transient current of transformer, or the power loss within the sec- 
tion, acts in the same way as a fault, but of course to a much lesser degree; 
and these normal unbalances can be taken care of by the rtiay setting. A 


A C. BUSES 



Fia. 4r205.— Wiring diagcnm showing application ot General Blectxic faidiicitloil dittsMKiM 
fday for pcotectjoii against phase untelanoe of a three phase line. 


protective sdieme operating on this and ai^lied toeachhidiiddHil 

piece of app^tus or section of the Une, thereficne dboonnects tile Sndfey 
section, but is inoperative under normal conditions and wheat l^ts OCCtar jhi 
othersectionsofthesystem. It does not detect faitits that no ottvoil! 

(such w an open circuit, or a ground on an ungrounded system) and it pms 
^ set high enou^ to be inoperative on power losses or ghagt i n g ctttieat 
witinn tile section at abnormal cunent values caused by otier^ Snitie. 

Difficulties arise in the inactical applkatkm of thh sdheme, because 
diten current transformers must be able to maintain a hahinrt* aQ the wap 
Icom partial loed to po-haps twenty ti^ Trouble is also caused 

by imeoual burdens placed on the current transforiBers by the euA 
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other loads, and by in^»oper impedance of the relay used to detect an 
unbalance. 


Groond or Residual. — In numa'ous cases it is possible to use 
the magnitude of the ground current present in a system, as 
an indication of the presence or absence of abnormal amditibns 


Adjustable Contacts Flexible Connections 


t^enitlon^ 
Indicator 

Cmbiclor 
Switch 


Contact- 

(Middle) 



Moving ft 
Contact 


Beii Ala rm Ter^ nai 








Indicator 

Contactor 

Switch 


Connector 

Sioch 


IhrmCmA 
pensotor 


fSe, 4a(Kl.r>4tetMiHtl oonMcUom of Wettiagbouw wloctive difforeatUl cwmt nbqr. tUo 
hWko is intmiisd for tbort cinscdt ond around protocUon of poraUel Unn. It opantM on 
ounwMridiM. n Aim tiro twortoodoteoientenctina upon neoomiondacttironihn cron* 
ctettit* IM t fleiitAfit It ooliiiectfid aepdumtalx to Its own ctnt^Siit uisimrMr 

TbetirocleiiiroteandtoetrkaiBri^^ 
and adder a fiopd}^ of bataneed lim londs tlw flum in Um magaetiB ctreuit of the xiwr 

aioaqfBOlepBdoppoidroidvtof •'**»d*»“t**‘*t**i*®®“ **•*'"^1^**“*. .Un^ 

dwteft IlM diro edddh carriee U» Bwvinf oontect to held in a iiw»«o peeltfan by Uie oeojwl 
tiilllili* IP h ft f iHMiiigs m teitiriiiy itt the seto p osit i on wihidi tEissvsnt* ths 

MUMt ' f f W wytnysiwsnt until e piwdeteini^iMM^ cmreivt tmheh tfi cs eslits histweso^lh 

eomditioiii ot emmt voalbtAmm. tlso dte csh lothte W in 
niveciMt from mc^wi minis ooomot oo^ either stiSs* Thus the mov^ sootset eeiii 
es e afamis Msnoiiin^ ssrltcfi bi tte trip ctrmtits of tlie cimoit hmlmmPf ths 
MeiioedSaiie, and *Sl trtp out the janitor en ^ fte wndna twiU 

tSil aWlsn h tiM esaro *•««#*«< tla windw dfeeedonn Id ti» cwieoM to *IM *#o 
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CMi the system^ With systems normally grounded at oiw point 
only, the existence of a current to groimd is an indication of 
an abnormal condition. 

This ground current may be detected directly, or as the differenoet troax 
zero of the vectorial sxim of the line currents at any point (this curitot is 
called the “residual current”). Complete protection is never obtained in 
this way, since these schemes are not sensitive to short circuits between 
phases. 

Over Current with Under Voltage. — ^According to this prin* 




Fig. 4,207.— Westinghouse aelective differential relaya applied to lour parallel feeders. Oniy 
one phase is shown. The azrowo indicate instantaneous directiaae of the cnnent u nder 
normal line ctmditions. 


dple, when there are diort circuit conditkms, the toUage ^ 
points close to the fmlt is eery low when the current is eery hi^^ 
while the eoltage is progressieely higher and the ament is suP* 
stanHally the same at points nearer the generating station, 
potective device using this pinciple is essentially an Pver 
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4,2tOB. — Diagram of internal ooncectkiiis of Westinghouee thermal overload lelay, 60 
cyda. The active element in the relay la made np of bimetallic aprlngs which are ocm* 
nected either by meant of auitable ahutfU or current transformers so as to receive a cunent 
pfoportkmal to the load current., The inner end of each spiral spring ii fastened to a ooni* 
men shaft which is idvoted at each end. Due to the heating effect of the current at it flowa 
thmagh the bimetal springs a deflection tesults which causes the shaft to rotate. Near 
the top of the shaft is mounted an indicating dial carrying the moving contact. The ita^ 
tkMiary contact la mounted on the nppet ii^kating dial. The position of this dial and 
con t a c t can be changed by moving the time lever on top of the cate of the thermal elmeiit 
and In this way it is poesible to adjust the time of opemtion of the relay with a given cttrteat. 
flowing tiaroogh the bimetal springs. A glass window in the case makes it poanlde to igo 
the dials, lor setting the position of the stationary contact* and observing the tem p em t nio 
indication of the lowei dial. The positiqti of the lower dial and the moving contact is diM 
pendent upon the temperature of the bimetal springs, while the position of the upfMg dh^ 
andau#marycontactiidetermhiedby the setting of the time lever. The dhUs aid dividadl 
hstn figtit eanai parte. The numbera 0 to 8 are i^itrary markings and are ueed for ndhis 
enm in eetting the time Tlw trip circuit of the mlay iecloeed when ttm einie^i^ 

hem on both diale are approxitnately in line. enomplt# in caee of a circuit doelag relay 
wlmm omtacm are nonnaUy open, if nundier 7 of the upper dial be placed toeder the hair 
Mnaol tim i^aee window ttm ccmtacm wiff doee when nundier 7 of the lower dial ccaael 
the hair Uni. The rdatlve poritkm of the two dials, therefore, detnrminm rim than dehy 
hefsce tha trip ciccuit ia opemlsid lor a definite load cenditkmu 
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current inverse time device in which the time setting {|{b auto- 
matically adji^ted to be proportional to the volts^» ^ that 
the lower the voltage the lower is the time setting, 
the ends of the faulty section nearest the ^ort drcuist 
in the minimum time, while the time settings at all 
points on the system automatically assume higher vahira. 
This principle is usually combined wi^ the directional prindi^. 


Thermal. — Relays acting on this principle depend not on the 
value or duration of the current, but on the rise of Umperafure 
due to an abnormal condition. , 

The thermal principle does not give complete protectkm, but 
must be combined with short circuit protecticm. 

Claadfication of Rdays. — In all electrical installations pro* 
tection of apparatus is important, but in some large central 
stations this is secondary to ccmtinuity of service. 

To comlnne maximum protecticm without interruptions of service is not 
always possible, but these requirements can be amvoximated very dosely 
by the use of reliable and ^ple controlling <x protecting devtees if pn^MT 
care be taken to select the relays suited to the special conditims of the 
instaUatkni. To do this intelUi^tly, a knowledge of the prindptos just 
given and the various types of rdays devdoped to emhody one or more of 
these principles is necessary. 


There is a multiplicity of types and a classification to be com- 
prehensive, should, as in numerous other cases, be made from 
several points of view. Accordingly relays inay be classified; 

1. With respect to the nature df tlm smrvk^ performed* ht 

a. Protective; 

^.Regulative; 
c. Cmnmuidcative. 
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2. With respect to the operating current, as 

a. Alternating current; 

b. Direct curroit. 

3. Wth respect to the naanner of performing their function, as 

a. Circuit opening; 

b. Circuit dosing. 

4. With respect to the opiating current circuit, as 

a. Primary; 

b. Secondary. 

5. With respect to the abnormal conditions which caused 
them to operate, as 

a. Overload; 

b. Underload; 

c. Overvoltage; 

d. Low voltage; 

e. Reverse energy; 

/. Reverse i^iase. 

6. With respect to the time omsumed in perfonxdng their 
function, as 

«. Instantaneous (so-called); 
b. Definite time limit; 
e. Inverse time limit. 


7. With respect to the character of its action, as 

«. Selective; 
b. Differential. 

S. With respect to whether it act directly or indirectly Ott 
the c lfcuit breaker, as 

«. Mhia; 
b. Aammey. 
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Protecti?e Relays. — Ttiese are used to protect circi:^ts freon 
abnormal conditions of voltage, or current, which be 
undersirable or dangerous to the circuit and apparahijS con- 
tained therein. 

Ques. How do protective relays operate? 

Ans. They act in combination with automatic circuit 
breakers, operating when their predetermined setting has berai 
reached, energizing the trip coil of the circuit breaker and 
opening the circuit. 

Regulating Relays. — ^This class of relay is used to control 
the condition of a main circuit through control devices cq)eFatfid 
by a secondary circuit. 

Ques. For what service are relays of tlus class emj^oyed? 

Ans. They are used as feeder circuit or generator regulators. 

Ques. How do they differ from protective relays? 

Am. They have differentially arr^ged contacts, that is to 
say, arranged for contact on either side of a central or normal 
portion. 

Communicative Relays. — These are used for .si gnaling in a 
great variety of ways for indicating the position of switchbg 
apparatus or pre-determining the condition of electric dreuits. 

A.C. and D.C. Relays. — ^As nere used, the cla^ificaticm te- 
iras to the kind of current used on the auxiliary drcint. la 
some cases direct current is used to energize the trip of 
the circuit breaker or oil switch, and in others, alternating 
cunent. 
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Ax. and d.c. relays are respectively known as circuit open- 
ing and drcuU dosing relays, being later fully described. 

Gireuit Opening Relays. — ^The duty of a circuit opening relay 
s to open the auxiliary circuit, usually alternating current, and 
Ikereby cause the oil switch or circuit breaker to be opened by the 
use of a trip coil in the secondary of a current transformer, or by 
low voltage release coil. 



<K»gao)TMnSFOm£R 


MAIN CIRCUIT 


JPm, 4jnO.—1X»tttm fflastratlag the opteetioQ of a etreidt vpmttut relev. When the Mfaqr 
fgMMIcta are in Uie nonaal doted poHtioo, at thowii, the coil it diort ctreidted. When the 
v iad e twnniBBd ahoonad oonditioa it readied in the main cireiiit , the nfaqr co nt a Bt a nre 
uvenad vitb a <iuick break, tending the cuirent through the trip coil monentatSr, aa4 
nyewing Uw bmaker. 

Tbe nip cod of the IxeelBer is gennaUy shunted by the rday oontattl 
and vfhM the moving contact of the relay diamigages from tlm gtadiaiisiiir 
bontict, ^ anient hem the transformo' which supplies the rday, flows 
through i^ti^ cod thin These features of 

meilhowti in fig. 4.209. 
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Ones. Where are drciiit {^ning relays ehiefly ea^yed? 

Ans. In places where direct current is not available ener* 
gissing the trip coil. 

Ones. What is the objection to alternating current trip ibihi? 


BATTERY OR OTHER 
CURRENT SOURCE 



UmfiJ INSTRUMENT 

TOuori transformer 


1 

Flo» 4,210^Ditgrmiii iUustnittng the operation of a etreuit 0 kmin 0 r 0 kt 9 * When the nvni^ 
determined abnocmal condition ie readied in the main circoit, the relay doaea the amlKafa 
dimtit, thua energi^ the trip coU and opening the bleaker* 

Ans. They have relatively high impedance and impose a 
heavy volt ampere load on the transftxmers. 

drenlt Cloring Relays. — ^The duty of a circuit dosing ittey 
is to the auxiliary circuit at the time when pm^ 
detennined almormal condition is readied m the inrimary dr* 

di|t« Tl» dodng of the auxUiaiy dx^t energiseB the trip 000 

and opims the Ineaker. 
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1%. 4,210 shcnre the operation of a circuit dosii^ relay. When the Ottb 
rent ix (Measure m the main circuit reaches the predetermined value at 
e|tidh the protective system should operate, the relay magnet attracts the 
pivoted contact arm and closes the amciliary circuit; this permits current to 
flow from the current source in that circuit and energise the trip coil thus 
opening the main circuit. 


Ones. What kind of current is gen^raUy need for tito aiOl* 
ffinrj dreidt a drcnit closing rday? 

Ans., Direct current. 



VWi% 4 nastte aiiaSB inducttw imMload nls^ Thu j wto i e lpl si eT 
•fvSlMaraweinsrtOtlicMS^iaaietioaiMtan. TteaardsyvsraejmtaelneicsaAeCMrns 
vna S Sen n>lsr vidch to famm «t tow cutreBt value* and vrtiidi approaetoa* a deSira* 
tiai* ait litta ctociaitt vtfne*. t» o pmmU on, the holding magnet kaepa the waailait* eiaiiiS 
aaUSelKmtbnnlMlrepeM. TltotriipdreiUtnittatbeiMiraedbyaaqMKatoaiiaiBaiyanltiSi. 


Qm* At what iRreanve? 
Aaa. F^rom 125 to 250 volts. 


Wkere is this current usually obtained? 
Ans. Wtom a storage battery, or from the exciter* 
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Qiiet. For what cnrreiit are the conteets ordiiiarily de- 
aigiied? 

Ana. About 10 amperes. 


Current Tap 

RuqinlOAmp- 

UoJe 



Fiq. 4,215.1— Carrent tap pliito of Gttwrd Electric linijte t»le inductioa overioad MUjr* The 

fKimaiy windins of the^taturating translortnar ia provided with taps for different ciment 
•etafifi. Conn^ion for any tap » made by means of a tap plug which is screwed ituo the 
terminal of the tap until lu shoulder bears against the face of the tap plate. This plate 
is permanently connected to one of the current studs of the relay, and is numbered for the 
Identmcatioii of the taps. The numerals 4, S, 6, 8, and 10 represent the minimam current 
In amperes that each tap requires to cause the relay to close its contacts. The ampare 
tictliig of the tap used should approximately equal the secondary current which oocitsponda 
to the normal load'* current of the Ime or machine to be protected. 


of liMftieflon oeerlomi releas. See hgs. 4,212 to 4,2144 When an 
oveHood occsim* the rotatkai of the diae> actuated by a *'ir* shaped driving magnet and re* 
tmded by a pair of permanent magnets* causes the contact tips to be forced tofether after 
an inteml df time, whidt is dependent upon the current, also the starting position of the 
diae as predetermined by the aetting of the time kver. Ibe driving torque is generated by 
the fshem splitting action of shadixig colls on the pole faces. The cod of the hofoing magiiet 
la eofinacted m aerias with the tripping contacts, causing this magnet to be miergia^ at the 
Inatatnt the ootitactd dose, and to attract and ftrndy hold an armature aecursd to one of the 
nootaet members. . This holds the contact firmly dosed until the tripping current is Inters 
eiiptad by a circuit opening auxiliary awitdi M the circuit breaker, thua pfeventiag flathhig 
fSc burning of the faoatact aurfooea. 
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Piriiiiary sad Secomdary Relays. — ^Primary relays are some- 
times calkd series relays as they have the current coils coo* 
nected directly in smes with the lir^, both on high and low 
tenskm circuits. 

Secondary relays receive their current supply from the sec- 
ondary circuits of current transformers. Alternating current 
relays connected to secondary of pressure transformers an| 
relays with both current and pressure windings are included in 
this class. 

Secondary relays are moee accessible and more easily adjusted than psi- 
mary relays, as they are always at low voltage, which makes it posstbte to 
dnnge the calibration or even the coils without the necessity oi shutting 
down the lines, regardless of their voltage. Such rdays are subjected to 
secondary load conditions only; consequently, the mecl»nical construction 
does not recdve the heavy service that series relays are subject to, and, 
thoefcue, a greater degree of refinement and more accurate characteristka 
are obtainable.^ For these reasons, seomdary relays are used for the major- 
hy of conditions that require the automatic tripping of oil switches. The 
secoiulary rdays operated by current are connected to the seccHidary cir- 
cuits of current transforms and in opaating the contacts are either instan- 
taneous or time limit. The lattN* are used extensively to obtain selective 
opening of drcmts in a pre-determined sequence. 

t 

CKimi* What is the usual winding of the c<dls? 

Am. The cuxient coils are usually wound for 5 amperes and 
the pressure coils for 110 vdts. 

Overload Rdays. — Series relays are amnected directly in 
;idth the lim and are chkfiy used with hig^ pressure oil 
btesdtswttdiesfbroverloadprotecticm^ If cun%nt transfcvmett 
tie to he used oa the san» drcuits for other purposes, 

Itovte capacity to admit of adding a relay cdl, sec- 

would be mcne economical; otherwise, the setiea 
tthys are eipeimve. 

ih" omm of a wedafiy tioated wooden rod. the rday opoates a tngsdBg 
s erteiu <loeing a squuate tripping circuit, usually 125 or 250 volts dbeet 
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9m. 4,218.-<^6iinectk»is for three phase, three wire circuit, neutral grounded with General 
Etectiic induction overload relay. Auxiliary switch open when oil circuit breaker is open. A 
circuit opening auxiliary switch which will be operated by the :^pening movement of thi 
breaker to be tripped, must be connected in series with the relay contacts. 

9m. 4,219. — Connections for two phase, four wire circuit with General Electric inductkai ow» 
load relay Axixiliary switch open when oil circuit breaker is open. 


ac. opwctme Bus 



Fig. 4,220.--<foiineetfoiis for three pluMS* 
four wire circuit with Geueral Bleetrle 
induction overload relay, AmdUnry 
switch open when oil dreult bveahMr li 
opra. 
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current. Series relays are essentially the same as secondary relays except in 
the coil winding and insulation. 

Underload Relays.— These are similar in construction to low 
voltage relays but have current instead of pressure windings. 

Over Voltage Relays. — ^These are usually of the circuit clos- 
ing type and are similar to secondary overload relays, but have 
pressure instead of current windings. 



FM* 4,221 ^--^^oaiiecUont of Geneml Electric inductioii under volUie lelay for protection o| 
n tku9t phaee eyetem. 

Low Voltage Rdays. — Relays of this class are in most cases 
used for the protection of motors in the event of a tmponury 
weakening or failure of the pre.ssure. Hiey are also used in 
connection with a low voltage release or shunt trip coil on an 
oil switdi or a circuit breaker. 

Revert» Enegy Rdays. — ^The chief object of this species of 
relay is to protect the goia^tcxr. When so used, the overload 
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adjustment is set at the maximum value to give over&ad pro* 
tection only at the maximum carrying capacity of the gioerator 
and a sensitive reverse protection to iM^vent a return energy 
ftxKn the line. ! 

Eeverse Phaae Relaja. — ^This type of relay is used dite^ 



rm. of Geaend Eleetrtc iadnetk rioad ulMV ibamkm nSatlaa «t OW M a rt t 

tlaH ktvcr and black apot on diac. Tha tbae lavnr acale ia actuated ae tkat arban tha 0N|> 
levar k aet on dero the oontacta ace juat cloaed. The contact ^trinaa ate adjuatad l» gtet 
tiieoontaetaaaepacatioaof69<In. arhenkee. A Uack apot baa been pah)^ «a tha adft 
oCeachdiac. Tbe center of thwinaikalKeild oonieeiactljr on the oaatarliaatrf tha (MMIMI 
anpportiiiK tbe penaaneat maKneta eben the time lever ia eat at aam. 


NOTE.— Satuntingtranafocmer of General Bteetrieiadnetianovariead taler* TMa4 a elB d 
la mounted in the relay caae. The primary vending k c Mi nec t ad to the cmateat etuide at Sia 
ndar and the aeoondary windfaig k con n ac t ad dlre^ ia aarka iridi tha ootti m Up *‘v 
fltaped aaetoet wtdch drivea tha (»ac. At h)^ eecienk Um aatiaktlM dmmekrktk 
the t«^ and prcdooea appraainiatdiy definite tkae aetton. 
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to prevent damage in case of xeversal of leads in re<connecting 
wiring to two or three phase motors. 

lime Mement. — It is ctften inconvenient that a circuit 
breaker diould be opened immediately on the occurrence of 
what may prove to be merely a momentary overload, so that 
time lag attachments are frequently provided, particul^ly with 
relays. These devices, which may form part of the relay or 
may be quite distinct from it, retard its action until the over- 
load has lasted for a pre-determined time— several seconds or 
more. 



Ab. Mn iM* of Geaenl Blaetric to d w ctiw i omla«d nbqr. Swih of 

apo w floD givoa on the fadct plate c oowpon dt to some maltiple of the nSiri « 

cwmnt far «U(di tlie t)M> plus to «et, and aome position of Uw tfane lever (the .. 
"TtaHeOiimnt Tap Settii^* at each end of the tadea plate refers to the adjaosot 
of atalttpta, or mmh eca tiasee the current tap aet&ig). 


Qam* What diouid preferably govern the time .lag? 

Ans. It should depend on the extent to which the overtoad 
la iwdtaced as the time elapses. 

Rebiyi. — The an called jngtoTitoneiaip 

Ofmte aihnost instantly on tlm occuridtice of tlm ila 
hioi3w cQoditioii tbit they are to ooatnA* 
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There is of course a slight time element comparable with that of sn over* 

toad circuit breaker, but for ixactical purposes, the operatioi| may be 

considered as instantaneous. 

Time limit Relays.— Under this classification there two 
»ib-di visions. 

1. Definite time limit; 

2. Inverse time limit. 

Qiies. Describe the time mechanism tti a definite fime 
Hmit relay. 

Ans. It consists of an air dash pot, and an air diaphragm or 
equivalent retarding device connected to the contact mech* 
anism. 

Qnes. How does it operate? 

Ans. In some designs, when the contacts are released, they 
descend by gravity against the action of the retarding device 
thereby making contact a definite interval after the occurrence 
of the abnormal condition. 

Quee. How does the inverse time limit type cerate? 

Ans. The actuating and contact mechanism is attached di* 
rectiy to an air bellows and in operation tends to compress the 
bellows against the action of a specially constructed escape 
valve in the latto*. 

Qnes. Why is the arrangement called Innerse time limit? 

Ans. Becausetheretardation varies inversely with the preflh 
sure on the bellows, and therefore invarsely with the 
of the abnormal addition. 
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Ones. What other deiice may be used to retard the op- 
eration? 


Ans. A damping magnet is sometimes used which acts on a 
disc or drum and which may be adjustable. 

Qnes. How is the inverse time element introduced by tfiis 
arrangement? 

Am. The retardation is due to eddy currents induced by 
moving the disc or drum through the magnetic held. The re- 
action thus induced varies inversely with the magnitude of the 
force with which the disc or drum is urged throu^ the field 
and heiu^ inversely with the abnormal condition. 

Ques. What are the ordinary limits of adinstment fw in- 
verse time limit relays? 

Ans. From one-half second to 30 seconds, depending upon 
(he time setting and magnitude of the*overload current. 

A setting of from two to six seconds is cmiinarily used, depending upon 

the requirements. Where sdective operatim is defied a minimum setting 

of two seconds is recommended. 

DMTerential Relays. — In this type of relay there are two 
electromagnets. In normal wcxrking these oppose and neutral- 
ize each other. Sliould, however, eith^ winding become 
stronger or weaker than the other, the balance is upset, the 
magnet energized, and the relay comes into operatimi. 

A modificatioQ of such a relay for alternating current is 
ihown in fig. 4,233. Assume that the circuit A, has the larger 
pressure induced in it, whereas, should the main current reverse 
with reference to the shunt current, the circuit B, would have 
the larger induced pressure. 
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Impedance or Distance Type Reiaj. — ^This rday is of the in* 
ducti(»i disc type, dmilar to the (ndixiary over current type 
relay, but with the addition of a voltage restraining cd|[Which 
is connected medianically to the disc and to the c^tact 
medianism. Fig, 4,2^ shows an impedance relay of tim ncm- 
directionai type with the cov^ removed. 

The disc is rotated whenever the current in the current coil exceeds a 
definite value and is damped by the permanent magnets in stadh a manner 



that its speed is anxvxunately proportional to the magniUtde of die oar- 

rent. Instead of opoating the oontacts directly, the movement of the dSa 

winds up a spring, one aid ci which is fasten^ to a duift tint is seaiMi 
to the disc shaft. The othor end of the spring is connected by means of a 
Isver to a rodtor arm pivoted at its center and mounted mreet^ iteef 
the #k;. This rodcer ann carries the contact on one endL Tha can «( 
the restrsining coil is suspended from the other aid. 
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/fi operation, the pufl of Hie vol» 
tage coil, whidh ojqposes tlw do^C 
of the contacts is directly piqpor* 
tkmal to the voltage. Itoillbeaeea 
that for any given a|>plied voltage, 
the spring must be ivound upa 
niteamountbeforeeiKiugbpti^wiQibe 
developed to ovmome ^puU of the 
voltage coil and dose the cpatads. 
The speed with which the spring is 
wound to this definite amount is de> 
pendent on the magnitude of the 
current. The time of r^ieratioa, 
diu:e it is directly proportkmal to 
the vdtage and inver^y prc^xir- 
tioaal to the current, is prop^onal 
, to the impedance or the distance 

t fram tlm &ult. Thus, by properly 
setting the rdays, disdriminative 

i actkm dm be obtained hy means of 
vriudi the rday nearest the fault 
win (gierate a^ open its drctdt 
^ bresdcerbeftae any oHer relay on dw 
other sectkms lines will dose its 
Ocmtacts. 

Since in some cases a ddta vdtage 
I may be reduced to zero without af* 
. fecting the magnitude of the star 
f voltages to any great extent, and 
J vice versa, it is always necessary to 
^ use two rdays per i^nse v^ete hne 
a and ground protection are denied on 
I a grounded system. One set of i»> 
I lays will be restraiiMd by the dUttn 
I vdtages and <me by the star volt- 

S This inmedaiice relay may be coia- 
iiniied with an ordinary direedonid 
watt i^nmt to give a diceotidnid 
impedance relay width win lip 
. breaker ody wbm the power do# 
£is in tite nredetemiiiied dhectiion. 
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biductira (Ingtnimeiit Type) Inverse Time limit |telay. — 

The instrument type relay is not as rugged mechanSpUy as 
the sdenoid relay, and the contacts are not as heavy, ^thou^ 
it affords instrument accuracy and gives satisfactory c^i^ting 
diaracteristics. 
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44227.^Plctorial diagram of Weatni^Kmie tmpedanoe (distance) rday. As ustiallir a|^ 
plied this rtimy requires for its operatkm the use of current and voluge transformers, 
current element tries to dose its contacts in a time varying inversely as the current n h a h s i s 
the voltage coil holds them optsa lor a time varying directty as the voltage. Stated madio 
ematically 

E £ 

T « Y Y* '•impedance -distance. 

Stated in non-mathematical language, the time of operatkm of tlds relay varies as the die* 
tance of the short circuit from the relay. , This applies not only to ^^dead*' but also to **hiili 
lasiitaiice*' short circuits, assuming that, the latter be possible. 


If the tripping current be too heavy for the rtiay ocmtacts. Uiey may 
be connected to a tripping rday that ie instantaneous and requkes only 
a small amount of current to (^wrate. 

The time delay is obtaiiied by a specially designed rMmi 
iniueUm disc wmilar to that ua^ in watt meters* 
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As shown in fig. 4,229 the movement of a contact pin on a j 
the omtacts. The current calibration is obtained by using diff 
in the current coil, and in this way controlling the speed of the < 
time calibration is obtained by adjusting the discanoe through 
disc travels before contact is made. 

*How to Select Relays.— The following general infoml^tioii 



Genemtin^ 

.StoHon 


fm. 4.230.-«Diagram of transmWon system illustimtjiig the use of impedmioe (diateiioe) 
e^ys. The conditiofis most difficult for proper discrimination in the time element sue 
encountered by relay A and B, when a short circuit occurs at the point X. Sinei 
both A and B, have the same current flowing through them» the increas^ time elemebit; 
iec|uir^ by can only be obtained by the increase in voltage at B» above that at A. The 
impedanoe relay is so designed that, if with the minimum poeuble short circuit current 
whidh can flow to X, there is a difference of 5% in the voltage between A and B, profMW 
dkcrlintnation will be obtained. For heavier short ctrcvdt where the drop in voltage wilt 
bi more ton 5% the action of the relays can be made much quicker and more reliable* 
in other usordMa the only limitation on the application, of the impedance relay is that the 
mib^tlocis or the switching sutions must not be too dose together. Amtte condition 
whkh must be met is that which is due to a short circidt at in the dtagratn. Under 
iradi a condition the relay at C, in sub-etation N, should of course operate^ but the voltage 
igid current conditions will be exactly the same on both relays C and Ttierefoie» in order 

to prevent the relay D, operating, it is necessary to equip it with a device similar to a dxedi 
vblve which will prevent it operating whenever power Is ffowing into the sulH^tkm. This 
device is known as the diiectkmal element and consisU of a contact making eratt meter 
widi Its contact in series with the msin contact of the relay. This principle is the same 
as that employed in the impedance relay* In the diagram the arrow shows whees dicectksMl 
idays are required and also indicates by the same iqrmbot, the dliectkm In srldch tbsy^ 
sdU operate when trouble occurs. 

SMQTE.*^ euggested by the 
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on rdayv, will be of interest and assastance in making a selec- 
tkm from the various relays previous described to meet the 
requirements of modem power house and sub-station layouts. 

Single pole relay* are used aa sini^ phare and on halanoad tlirea 
phase drcuita. 

Double pole relay* are used on ungrounded three phase and on quaitar 
{dune. 



dittanee curyat for impodi^ lilayi. Mwamplmt If in fig. 4*290 tmMi 
ooonr at X» r^y at A* should operats in say .1 second. The cireoit Imilhsr 
udtt taquho about .25 ssoond to open* the total time required to dear the diort bdug Ji 
esean d * Itor the relay at B, should have sufficient time delay so that It will not dose te 
dentacta bdbre the bceaker at A, has had a diancs to open (.35 second). If this tiine be 
4ouMid in order to aikw an ample mardno^ safety* a rese oimb l e settinf for timid 
is thstt dbtainsd. Tberefore* the dadi line across the diagram is drawn to indicate dm 
t time wldch should be required to operate any rday. This is the rnmfeme dasd 
, ( short drcuit will be deared in oonsiderably Ism time. This differmioe In thne 
ndjaoentdedonsisofcottrm due to the difference in voltage between them. Will 
tbs pment deeign of rday the difference in voltage between two consecutive stations carry* 
ihff Ite Mm tfoi^ must be at least 5% in order to mctm proper dteiminatioa* 


IVOItiaaii faiaira are uaed on three pluuK grounded mntrU 
otmttar tdimm* 

dranS etoelna rajaja are reooBaoeaded in all caiee where » rnm o nf 
•Qttinft qf <enct <»V)tcnt k svindie for 
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Considering first alternating current circuits, the prevailing prance » to 
make the circuit breakers by which the alternators are connected t| the low 
tension bus non-automatic, in order to insure minimum intemstion of 
alternator service. The chance of trouble in this part of the ^cuit is 
remote, but should it occur, the station attendant could generally o^n the 
circuit breaker before the machines are injured. 1 

Reverse' current relays of instantaneous or time limit types arei' often 
connected to the secondaries of current and of pressure transformers to indi- 
cate by lamp or bell any trouble that may occur in the generator circuit. 



fto. CtgSg.'— IKagram (rf Wettini^xMise impedance (diatanoe) rday with dbectioasl demeat. 

These rdlays operate with a low current reversal at full pressure and 
oonversdy with a inoportionally greater current at voltages less than 
ncHrmal. 

At zero pressure, the relay would act as an overload one, set for high 
overload. 

At zero current, a voltage considerably in excess of nonnal would be re* 
qtdred to operate it. 


Specifications sometimes call for autcanatic generator drcuit 
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breakers; in this case definite time limit overload relays are i^ed. 
They are connected in the secondaries of current transformers 
and are designed to give the same time delay for all trouble 
additions; they allow the defective circuit to be opened, if 
possible, at a point more remote from the alternator than the 
alternator circuit breaker. 

When the total alternator capacity exceeds the rated rtq)- 
turing capacity of the circuit breakers, one or more sectional- 
izing circuit breakers are placed in each bus. 

If operating conditions admit, these devices are made non-automatic aad 
are left disconnected except in case of emergency; but if it be necessmy for 
them to be continually in service, they may be made automatic by means ef 
insiantaneous overload relays connected to current transformers in thelov 
voltage bus; the relays being adjusted to trip the circuit breaker under short 
circuit conditions, confining the trouble to one section and inventing the 
rircuit breakers ruptOring more than their rated capacity. 

Installations with but one bank of power transformers, and 
without a high voltage bus, are provid^ with automatic circuit 
breakers operated by an inverse time limit relay. 

The relay is coimected to the secondaries of currmt transfcnmers, whkhin 
turn are connected in the low voltage side of the power transfcamer. 

Stations with more Ikon me bank of power transformers, a hi^ voltage bus, 
and high and low vdtage circuit breakers, may have both circuit br ea k er s 
arranged to trip at the same time or one after the other. As in the foirmcr 
case, they are operated frcan the inverse time limit relay connected in the 
low vcdtage side. 

In plants in which two or more banks of transfonners 
operated in parallel between hi^ ahd low voltage buses, it ii 
ttestrable to have £(»’ each transformer bank, an automatic dr- 
ouit breaker equipment whidi will act selectively and di»xNih 
nect only the l»mk in vdiidi trouts may occur. Withadrcidt 
breaker on eadh side of tbe transformer bank, selective actlm 
may be eeciaed in two ways as follows: 



2,388 


Relays 


1. By nieans of an imtantaneous differential relay (t^kinected 
in the seoxidaries of current transformers installed on lboth the 
high and low volts^e sides of each transfonner bank. \ 

The relay operates on a low current, reversal on either side of tMUsk. 

2. By means of one inverse time limit, secondary or series 
relay installed on that side of the transformer bank which is 
Cfjposite the source of power, the relay being arranged to trip 
b^ the high and low voltage circuit breakers. 



4403.---Diilmntud relay transfonner and reverse current circuit breaker dieoriaiiiMitiaf 
davkc. A differential relay is ona whose alodro-^magn^ has two windings, in normmi mark* 
kogikom oppose and noatraliso one another. Should, however, either winding becofnestrnagir 
orweakerthan the other, the balance is upset, Uie magnet is energised, and the relay oommmi 
into operation. A modtdcatkm of such a relay for alternating current is here shown, from 
which it will be seen that when tba currents are as indicated, the circuit A, has the lamer 
pressure induced in it, whereas, should the main current teveme with refotence to the skmk 
current, the drcuit B, would have the larger induced pressure. 

The first method has the disadvantage of hig^ first cost due to the 
vcdtage curroit transfcMiners required, but is more positive tlum the — 
method and is indepmdent of the number of trantfonner hanif in pwam. 

The second- method is the less ecpensive of the two end protects 
overioeds as wdl as short circuits in the traittfimners. but it is lem poittiye 
and introduces ctelay in the disoxanectkm of the truisformer when troidile 
occurs. Furthermore, it is not setoctive when lew tfan thrw aie 
operating in paralld- 
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The automatic circuit breakers in the outgoing line may be 
operated from inverse time limit relays connected in the sec- 
ondaries of current transformers; or in case transf(»mers are 
not necessary for use with instruments, saies high voltage in- 
verse time limit relays connected directly on the line may be 
used. 

Whether to select current transformers with rela 3 r 8 insulated 
for low v(dtage, or to choose series rela 3 rs, is a question of first 
cost and adaptability to service conditions. Below 33,000 volts, 
the commercial advantages in favw of the series relay are slight, 
and since it is somewhat difficult to design this device for the 
large current capacities met with at the lower voltage, it is 
generally the practice to use the relay with current transformer, 
because of its operating advantage. This practire, however, is 
not entirely followed, since some service conditioi^ (desoribed 
lato*) make the use of series relays very desirable and practical. 

Inverse time limit relays are satisfactory for caie, or more 
than two outgoing lines in parallel as they act selectively to 
disconnect the defective line only, but installations with rnily 
two ou^oing lin^ in parallel have the same load conditions in 
both lines and selective tripping of the circuit breakers in the 
defi»:tive line is obtained by means of a selective relay acting 
withcHit delay under shcnt circuit conditions only. 

Ute rday dmgn and action is «milar to the reyeise current rday pro* 
vioudy mention^, and is cmmeded to the secondaries of current tram- 
formers ui each high voltage line and pregsme transformers in the kmr 
vdtagebus. 

In the 8utH»tatk»n, the cooditians are the reverse of those in the main 
itatkm, the tncommg liiws becoining the source of power. 

II diete be cody one mcxmuiis line wd no h^ vditage bus. the line drcnit 
hmker is genei^y ncm-automatic. With one incoming line and h^ 
vtdtage bus, the drcmts hem the service side of the bus are equii^wd with 
aoitomtic dueidt breakers and rdays. these rdays and those used lor 
other arrangeroenta of two mam incoming lines in parallel, ai wed as 
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high and low voltage circuit breakers, are of the same design and aj^ aiqdied 
in the same manner as for the generating station. 

Regarding the relay equipment for auxiliary macldnes, the satee prac- 
tice is recommended with the generator end of alternating current m^tor gen- 
erator sets as with the main generators, the outgoing feeder circuit breakers 
being tripped from inverse time limit or so called instantaneous rdaya. 

With several synchronous machine in parallel, the rdays are arranged to 
operate with the least time delay with which it is possible to get sdective 



Figs. 4,234 and 4.235. — Diagram of estemal connections, Westinghouse phase balance cucmit 
rday. it eonsMs of four branches P, £, D, and R, which are connected in series and 
Whose four comers are connected to two current transformers. These two current tranw 
formers are connected to two of the three phases of the circuit. P, resistance; D, plusG,an 
Impedance: £, reactance; R, relay element itself, which issimilar to the standard induction 
over current relay. The relay is so designed that no current flows through the relay element 
R, so long as the polyphase circuit is balanced and the phase rotation is correct. Upon the 
occurrence of one of the abnormal conditions mentioned above, the relay etement tisoeivee 
an appreciable value of current and operates. The relay has two separate and distinci 
settings, one for amperes and the other lor time element. 


action, in order to in’evoit the machines bong thinwn out of st^ in Ovent 
of trouble conditions causing a decrease of voltage. 

The various types of induction nuttor and various conditions under wfaldi 
they we emi^byed. have brought about the ttevdopment of several types 
of rSay to prot^ the motocs the i^qUBatus with wbicfa tb^ am UNd. 
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It is desirable to disconnect a large motor in case of voltage 
foilure, and with conditions requirii^ either a motor operated, 
or a solenoid operated circuit breaker, a low voltage relay is 
used to close the tripping circuit whenever the voltage decreases 
to, approximately, io per cent, below normal. 

Up to 550 volts, these relays may be connected across the line, but for 
higher voltages they are connected to secondaries of pressure transformers. 
Smaller motors with which hand operated circuit breakers are used, are gen- 
erally provided with low voltage release attachments that perfmm the same 
function as the relay. 


Induction motcnrs are sometimes subjected to high voltage 
conditions and to protect them from injury, high or excess 
vdtage relays are enq>loyed to trip the automatic circuit 
breaker. These relays are of similar design and wired in the 
same manner as the low voltage relays. 

Reverse phase relays have been developed for operating am- 
ditions under which a reversal of phase would cause trouble, 
as for example, in the case of elevator motors. 

These are so designed that any phase reversal that would reverse an 
induction motor would operate die relay and disconnect the automatic 
ckcuit breaker. 

The design is based on the prindide of the induction motor, and in the 
case of low voltage motors of limited capacity, the relay may be connected 
in series in the motor leads. If the voltage or capacity of t^ motor make 
this arrangement inespedient, the relay nuy be idac^ in the secondaries 
of current or pressure transformers connected in the motor leads. 

Underload relays are often used to trip the automatic circuit 
hr^er that is placed in the primaries of arc lighting circuits to 
prevent an abnmnal rise of seomdary voltage in case of a 
break in the secondary circuit. 

The underload rday is similar In design to the low vdtage rday t axxpt- 
ing that it acts on a decrease of oirrent. 
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The problem of protecting indttction motors, injury 

that may result from running on single phase, ot front'^ over- 
load, and at the same time permit the motor to be staf^ with 
the necessarily high starting current that may be gn^tly in 
excess of the overload current, has caused the developr^t of 
the series relay. 

This device may be connected in series with the motor leads for voltafca 
up to 2.500; it is designed with an inverse time limit device which may be 
a^usted to give the desired protection. 


The field for relays is more extensive for alternating current 
than for direct current power circuits, the latter being generally 
confined to much smaller and simpler systems and ares» of 
distribution, and generally suffident selective action can be ob- 
tained by the use of fuses or circuit breakers arranged with 
instantaneous trip. 

Operating conditions sometimes make it advisable for the 
generator circuit breakers to open only after the auxiliary and 
feeder circuit breakers have f;^ed to isolate the trouble. 

This is accomplished by using direct current series imerse time limU 
relays to trip the generator circuit breakers. 


* Instantaneous reverse current relays are used to trip the ma- 
chine circuit breaker of battery charging sets, rotaries and motor 
generator sets to prevent their running as a motor on rim 
charging or direct current end. These relays can act only in 
case of current reversal. 


^NOTB.^Siriett0 afimking the word inttmU0m9u» sluKUd never be need beoHiaft It ia 
for any kind of a device to operate inatantaneoiialy. It ie need for oonveniaiiee |o 
diail n g nie h a very tpikk-acting device fromotbete whidhiequirea kaiierttiae Interval in IMr 
operatioo. 
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Tiq* 2»435.--<<^harBcten8tk: curvet showing burden placed on the current trantlonner wMi 
various cmreata flowing in the relay windings. 


TEST QUESTIONS 

1 . What is a relay? 

2. Name the varwus principles on which relays operate. 

3. What is understood by the term inverse time? 

4. What is the difference between inverse time and defir 

nite time? 

5. Explain the terms directional and differetUml. 

6. Explain over current with under voltage. 

7. State the thermal principle. 

8. Give classifications of relays. 

9. How do protective relays operate? 

10. How do regulating relays differ from protective relays? 

1 1 . What are cormnunicative relays? 

12. Explain the classification a.c. and d.c. relays. 

13. What are circuit opening relays? 

14: What is a circuit closing relay? 

15. What is the difference between primary and secondary 

relays? 

16. Describe an overload relay. 

17. How does an under voltage differ from an over voltage 

relay? 

18. Describe a reverse energy relay. 

19. What is a reverse phase relay used for? 

20. Explain the time element. 
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21 . How do so called instantaneous relays opera^? 

22. Describe the construction and operation of^a time 

limit relay. 

23 . Describe the construction of a differential relay, 

24 . How does an impedance or distance type relay work? 

25 . Describe the induction instrument type inverse time 

limit relay. 

26 ^ Give some general information on how to select a relay. 
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CHAPTER 77 A 

Plunger Type Relays for Over* 
current and Auxiliary Service’ll 

This group of relays operate on the solenoid principle and are 
dhown in figs. 1 to 5. 



PUB. 1 Bitd 2.— Plunger type over-current dreuit. dkeriag and cbcuit-openiBK leiaya re* 
Bpaetively. 


*Th* relays die cue ee d are manutactured by the General Electric Co. 
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Each relay consists essentially of an iron clad opeijating cml 
and a movable plunger. The plunger actuates contaks which 
opens or closes the controlled circuit, depending upoitithe par- 
ticular application. 



Fto«. 3 and 4. — ^Relays with cover lemowsd. 

Operation Principles. — ^When due to certain conditions in the 
circuit to be protected, the current exceeds the value at which 
the relay is set to opatite, the plunger raires and carries up with 
it the movable cone contact, or it strikes against the center of 
the toggle mechanisms, depending upon the type of contacts in 
the relay, the contacts are thus caused to function. 

Generally, when a relay functions to open its contacts it is 
referred to as a circuit-opening type, and when it functi<m6 to 
close its contacts, it is referred to as the circuit-closing type. In 
this manner the function of the contacts of a relay is most 
frequently used as a means of identification, a relay bemg 
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circuit-closini or circuit-opening or circuit-opening and circuit- 
closing. 

Uming Features.— In regard to speed of operation a relay 
may be referred to as instantan^us or time delay. The word 
instantaneous conveying a general qualifying term applied to 
any relay indicating that no delayed action has been purposely 
introduced. 

The time relays are similar in construction to the instantane* 
OU8 type, except for the addition of an air bdlows which limits 
the rate of travel of the relay plunger, and in this way intro- 
duces an interval of time to the opening or closing of the rday 
contacts. 

This time delay may be regulated to suit the special service 
desired, which is accomplished by means of a needle valve 
located in the head of the bellows as shown in fig. 5. This valve 
controls the rate of air flow from the bellows under various 
(grating conditions. 

All relays with timing features bdong to either of two classes, 
namely: 1, Inverse time, and 2, Definite time. 

The definite time relay is characterized by a compre^on 
Spring interposed between an armature and a ^aphragm of tlw 
air bellows. The contacts are actuated upon the movement of the 
chai^agm. With the function of the relay, the plunger toute to 
compress the spring which in turn reacts upon the diaphragm. 

Again, for the inverse time relays, this spring is made stiff 
enough to reast the aforemention^ compression except for a 
heavy ovenmrrent. Thus the time of operation is in inverse 
proportion to the over-current, and hence the definition inmse 
time relay, 

Applicatioiis.— The afca-ementioned type of relays has a fairly 
bio^ field of ai^lication. However, it should be distinctly 
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Vtdu AdjusHng HTnl 
•loch Nuf 
^BiUoms Support 

Jtap For Quick Folcou Voh$ 
Used 


.Compression Spring 
•StoUonorp Cento J 
•Uorohls Conioet 

•Conioct Bass 
.Plungsr Stop 
rnFromo 

*Uognst Frame Coeer 

• Pote Piece 
.Plunger 
•Operating CoU 
. Magnet Frame SkeU 


. Magnet Frame End Piece 
. Magnet Frame Supporting Screw 

. Catilrating Red 
• Calihraling Tube 

. Dust Coeer 


Adfuitiug Rut 

Fwa S.^^roMecticinal view of standard unit plunger typeover^current, drciat*«loiiiMfl«i^ 
isvme time or definite time* When bellowi is omitted this relay is psactically inetantatismii. 
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understood that the type described is not intended to cover all 
kinds and types of application permissible. 

The various conditions attending individual installations 
very often vary, and hence each application should be carefully 

3 2 1 



Flo. 6.-— ’Indicating, method of connection for over-current circuit-cloGing relays when a direci 
current source be available for tripping of the oil circuit breaker. Normally the trip coil circuit 
is open at the relay contacts. WlWn the over-current becomes sufhciently large for the relays 
to dose its contacts* the trip coil becomes energised tripping the oil circuit breaker* removing 
the machine or source from the over-load. 


analyzed and the type of relays selected which will most nearly 
perform to the desired operation features. 

The application of the instantaneous and time relay is de- 
pendent upon local conditions and preferences. However, time 
relays are generally recommended where it is desirable to pre- 
vent interruption of the circuit where over-currents are cmly 
n^omentary. 
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The instantaneous types are most usually recoj|ainended 
where it is desirable to prevent damage, whi^ may Ipccur to 
machines and apparatus if not immediately disccnmec^ from 
the source of load. For example, in the case of a large Synchro- 
nous converter above 300 volt direct current, it is necessary to 



Pina. thin ciicuit over-current protecUon Is aoocMiipliiihed by mem of a net ol cmieiit 

ifB* with its aanodated relayt and tr^ coila. In thk eyatem the i^ay contacta aie 
normally doted. When the over-current through the coils exceeds that for wl^ the idm 
are eei to operate, the contacts opens, placing the trip a»ls in series with the relay com 
I the trip cods to trip the circuit breaker. 

disconnect the unit from the line as quickly as possible in 
order to asdst in extinguidiing conunutatcK' fladi-overs when 
they occur. Time relays are used extensively for over-current 
ixotection of motors or other machine circuits where a sund^ 
time delay is desired. 

In other applicaticms, selective acticm may be dedred and 
two or three stops of action are utilized. Systems of this ktnd 
are shown in figs. 8 and 9. 
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Lodkiiig Relays. — ^Sometimes due to special conditions, 
economy in oil circuit breakers may be effected by groupii^ a 
numbo' of feeders together, controlled by one heavy duty 
breaker, and each separate feeder equipped with a light duty 



.Wm, 8.*«-*Oroitp famlcer oocmectiont witb a mt of locking: rekiyt, to protect feeder brenkeii m 
wmdm oimnt (Group bceaker only tripped). 

The feeder circuit breaker will have sufficient interruptui^ 
capacity to open the circuit upon the occasion of over-curr^, 
hut not sufficient intertupting capacity to dear a short'dxcmt 
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or excessive over-current. In such cases locking relay^, 9 s shown 
in fig. 8 , are employed to lock the feeder breaker in. Inijthis sys- 
tem each feeder is equipped with a complement of time over- 
current relays adjusted to function to trip the feeder bri^aker on 
simple over-current, and a set of instantaneous lockinli; relays 
with high current coils, adjusted not to function as long as the 
primary current does not exceed the capacity of the feedCT 
breaker, but to function instantaneously in case the current 
exceeds this value. 

The operation of the locking relays opens the tripping circuit 
of the feeder breaker, thus locking the feeder breaker closed, 
and closes the tripping circuit of the heavy duty group breaker. 

It will be noted that all of the circuit opening contacts are in 
series and the circuit closing in parallel, which condition is 
necessary for satisfactory operation in case of trouble in any 
phase of the system. 

Another method of application of locking relays to' a group of 
feeder circuits is shown in fig. 9. Here as in the previously de- 
scribed circuit the locking relays operate only upon exces»ve 
over-current, in which case the locking relays closes the feeder 
tweaker and opens the group breaker. 

An additional relay equipped with a direct current coil is 
arranged to close instantaneously and reset (open) in a definite 
time is furnished as an auxiliary relay to work in conjuncticm 
with a circuit closing auxiliary switch on the group breaker to 
<^)en the feeder breaker after the group breaker has (^ned. 

In this manner the operator is able to close the group breaks:, 
without having to find which feeder is in distress and to open its 
breaker as he would otherwise have to do. 

Relay Calilnation. — ^The setting of the relays, for <H>eration 
at various currents passing through the coil, is acccxnplished by 
varying the position of the plunger in the coil. An adjustment 
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NOTE iVAUXlUARY SWITCH OP£N WHEN 3 > 1 

(Ml CIRCUIT BREAKER IS OPEH 
VAUWUARY SWITCH CLOSED WHEN 
(ML CIRCUIT BREAKER IS OPEN 



Vm. 9.— Gtoiq) brealKr eonnectkHM with locking relayi to protact feader hmakera on a g t a ^ ii a a 
Cttmant (Gmup bmakor trioped and then (aultjr feeder breaker),. 
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nut at the bottom of the calibration tube is provided for the pur- 
pose. The values marked on the calibrating tubes for |>oth the 
instantaneous and time relays represent the minimum n|pnb^ of 
amperes in the relay coil, which will lift the plunger al^ open 
or close the relay contacts. \ 

As already mentioned the time settings on all the inverse and 
definite time relays are obtained by means of a needle valve 
located on the top of the air bellows. This valve governs the 
escape of air from the bellows. With the valve wide open the 
operation of the relay is practically instantaneous. A knurled 
lock nut is provided for locking the needle valve after the adjust- 
ment is made. Time delays can be introduced by adjustm^t 
within the limits of approximately 2/10 to 20 seconds with 
125% of the minimum current at which the relay is to functi<m. 

Relay Tests and Setting. — ^The method and care used in 
testing and setting of relays, often determines its proper func- 
tioning, and hence the proper operation of the power system. 

It should be remembered that all tests should if possible be 
made under conditions as nearly equivalent to the operating 
conditions as possible, which makes it desirable to indude all 
the wiring and complete relay equipment in the test. 

The testing of the relay for time settings should be made with 
some form of timing device that gives absolutely accurate tim- 
ing intervals. The stop-watch method is entirely inadequate 
for fine calibration. 

The determination of relay settiiigs must receive careful 
consideration. An analysis of all circuit conditions is necessary 
and a calculation of the short-drcuit currents which may be 
produced at different points on the system is desirable so that 
the selective time-current characteristic curves can be nuKie 
comparative for different pcnnts of the system oon- 

dderation. 
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The circuit contacts consist usually of carbon and may be 
adjusted for more or less contact iinressure by bending the 
stationary contacts toward or away from the movable carbon 
cone. 


A. C. SOURCE 



Fta. eireutt for eireuit^cUming relays. It should be noted that inetrtUBient 

Ofiiplcifed in teats such as timers, frequency^ volt and ammeters must be of predaton type, 
Otberwiae the teats and setting ol the relays cannot be accurately performed. 

The amount of current through the contacts should not ex- 
ceed 20 an^ieres for 1 minute or a continuous current of 2H 
anoyperes. 


TrinNNf Source. — ^It is of paramount importance that a 
fdiable tripi^aig source be avmkUe for the px>pa: functionins 
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of the relays. The tripping source may be either a.c. or d.c. 
depending upon local conditions. 

To mitigate the failure of the tripping source (as the case 
of severe shorts in a.c, systems) tripping reactors |re ofter 
used in connection with the relays. 



i»i». ll.-rOver<urrent protection by means of circuit closing plunger type relays. When 
tripping reactors are used, as in over-current and other type of relays, instrument and meten 
shmld be connected from an extra set of current transformers. The tripping reactors are fra* 
«)uently employed when a direct current or reliable alternating current potential is not avafl* 
•<ble as a tripping source for the relays. Normally the trip coil circuit is open and the reactor 
\orms the closed circuit of the current transformer secondary. Wlien the over-current isc^a 
sfilBckrntly high value to cause operation of the relay, it doees the trip coil circuit in ehitnt 
with the reactor causing sufficient current to be passed through the coil to trip the biaakier. 


In this case the trip coil circuit is open and the reactor forms 
the closed circuit of the ciurent transformer secondary. When 
the rday operates it closes the trip coil circuit in par^lel with 
the reactor, causing sufficient current to be diverted thrmig^ 
the coil to trip the breaker. An application in which trif^^ 
reactors are employed is shown in 11. 
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CHAPTER 78 

Condensers 

The ectmomical operation of a generating and distributing 
system is dependent on the maintenance of a relatively hig^ 
power factor. The reduction in the output of altjemators, trans- 
formers and distributing feeders, as well os the increase in 
heating and losses, and the impaired voltage regulation re- 
sulting from low power factor loads, are of such nature in the 
power plant that the improvement of power factor is a matter 
utmost importance. 

Power Factor— Although the author has given a vdiole 
diapto: to power factor a brief explanation here is added for 
the convenience of the reader. 

By d^nition power factor is the ratio of power current ta 
total current flowing in a circuit. 

When the voltage and currmt become out of i^se, the current may 
be axtttidered to be made upof two currents, one in phase with the vdtage 
and the <^ier 90** out of i^teue with it. The out of phase current is calM 
the reactive or wattless component. It is stcared energy that is beinf 
transferred back and fc»th through the circuit with no resulting losses, 
eaoq^t die heat losses due to resistance. This loss occurs in the line and 
in current carrying parts. 

When the power factor becomes low, large amounts of energy 
are expended in heeding up conductors that would, under proper 
Opera^g conditions, be aeoilabU for useful work. 



2,B96 


Condensers 


An inductance in a circuit will cause the cunent to lag with req;)ect to 
the voltage and a capacity will cause it to lead the volta^. Uigier either 
ocmdition there is a reactive component of the current with a ctosequent 
lowaing of the power foctor. The ideal condition would be where the 
inductance and capacity balance so that the current and volt^e would 
be in phase. In this case the power feurtor would be 100%. In tlw major- 
ity of cases low power factor is due to the current lagging the v^tage. 

Apparatus such as transfonners and induction motm^ having magnetic 
fields require a ma^etizing kta. just as a generator requires field exdta- 
tkm. Thismagnetizingilsw. is 90° out of phase with the voltage and aiMs 



Ao. 4,237. — Sint]^ vector diagram by which moat power factor proldema may be solved* 
Ol* it the actu^ current whi^ lags behind the voltage OE, by the angle The actiya 
component in phase with the voltage is OX, and the reactive component 90^ out of phase 
is IX. The power factor of a circuit is the ratio of the active component of the atment is 
OX 

the actual current ^ which la the coi^ of angle 4* The oommoii definition of power 

lietor ie ike ra^io of tho power to the apparmU power. The apparent power In a tfaiee phaea 
circuit ii V3 El, which la kea. and the actual power is, V3 El oowne whidi is keo. times 
power isMoe and equala kw. It is apparent that kea. and kw. are one and the tame thing 
at unity power factor and that for power factors other than unity, the current lor a given 
fiw. loed changee inversely with the power factor. These curves terminate at the sale cur* 
sent carrying capacity of this particular line; the varioue curves diow dearly the inaeawd 
Jins loss at the lower power factors, as well as the decrease in sale load carraring auwdty 
witli decrease in power foctor. 


to thewattless component that is carried by the Bne. loaded tcuuh 

fixmers cx induction motors reduce the power factor to a mudi graatsr 
esctent, than when fiiUy loaded, because the wattless component is greater 
in ]Kn)[ioirtion. 

Induction motors and otiMr indudhre apparatus take a taiagom&'M- 
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current which lags behind the line vcdtai^ and thereby lowers the power 
£act(n: of the system, while a non-inductive load, sudi as incandescent 
lamps, takes only current in phase with the volt^e and operates at 1.0 
power factor. As transformers require magnetizing current, they may 
seriously affect the power factor when unloaded or partially load^, but 
when operating at fhll load their effect is practically n^ligible. The rda^ 
tive effect of fully loaded and lightly loaded induction motors on power 
factor in indicated in fig. 4,241. The magnetizing current is nearly con- 
stant at all loads and is wattless, lagging 90** behind the impressed vcdt- 
age, or at right angles to the current which is utilized for power. 
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Effect of Low Li^ging Power Factor. — Low pow^ factor 
operation results in increased losses in aliernatorst 
tribution lines, tran^ormers, and in the consumer's mont. In 
a system working at 70% power factor the losses wilt be twice 
as great as they will if working at unity power fact(W. This 
increased loss is caused by increased currents for the san^ 
amount of power, and stronger fields are needed by the alter- 



nators to furnish this power whidi causes uiulue heating. It 
follows from this, that if the losses be kept the same at 70% 
power foctor as they are at unity power foctor, the cross sec- 
tion of the copper will have to be doubled. 

The foUcwing formula gives the currents at various power 
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iEactcxB that will be required to carry a 75 kw., 550 volt, single 
I^iase motor load: Watts 

^“e(%)P.F. 

These currents for power factor 100 to 50 are given in the 
followiiAg table: 

Currents for Various Power Factors 


%Povtf Factor 100 90 80 70 60 50 

Cuf/rm 136.3 151.5 170.5 195 228 273 

Km 75 83 94 107 125 150 



Fw, 4,M).~Vect(r diagram of a typical a.e. load. 

Another factor that this table shows well, is that at lower power factors, 
there is considerable line drop, which necessitates imi>ressing over volti^ 
at the Buiq^y end, makii^ the voltage regulation poor. 

The r^ulatkm of transfOTmers is approximately 1% at unity power 
factor, ar4 3% at 70% power factor. 

i 

The rdative effect of fully loaded and lightly loaded induc- 
tkni motors im the power factor is indicated by the oiagram, 
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fig. 4,241. The magnetizing current is nearly ccmstant at all 
loacte and is wattless, lagging 90 degrees behind the {impressed 
pn^sure, <x at right angles to the current which is tkilized for 
pow&r, \ 

In the figure, AB is the magnetizing cxnnponent, which is ai^j^ys watt> 
less, and CB ^ power component. The angle ACB, gives the phase 
rdation between voltage and current; the cosine of this angle CB-i'AC is 
tbs power factor. 

It is evident fiiom the diagram that if the load be reduced, the dde 



Fw. 4,241.— Diagram sboving relative effect of fiiUy loaded and loaded indnctfam 

motore on power factor. 


CB, is shortened, and as AB, is practically constant, the ai^ of lag ACB, 
is increased. It therefore fofiows that the cosine of this angle, or the 
power factor is reduced. 

The figure clearly shows the reason for the low power factor of indito' 
tkm motors on fractional loads and aho shows that since the nttgnetlsing 
cunent is practically constant in value, the induction motor can never 
49perate at unity power fiictor. 

. With no load, the side CB (real power), is just suflkient to supply the 
. fiiction and wincU^. If this be r^rtoented by PB, s i n c e AB, remains 
' tonstant, the power factor is reduced to 10 or 15 per cent, and ^ motor 
fixnn toe line about ^ per cent, of full lond current. It toesefisto 
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Vm . AJZ4Z to 4t244.-*<<:i»ractei^^ cohm for a 3 phate« •oairrel cage inductlQiii niotior* 
Theae oumt ihow tho effecta of under vdtage laid over voltage upon induction molm. 
It will be notad in thia raapect that a vadatton of voltage of 10% either aide of normal hat 
very little egacft on Induiaioniiioftora other than on t^ Voltagm below norinidiedim 

the ipead of the motor* and oonaeQuantly, affect production adverady. The torqoa of 
ladmion motom vadea with the atiuare of the voltage apidied* oonaequently* if the vritage 
diw more than 10% below normal» it ia not only the idmormal reduction in apeed due to 
iiate iaa ed ahp that hecomea aerioua* but alao the liability of italling the motora and tha 
omr apparent dligdvantagea, such at tcmm^effkteicy and overheatiiig of Boor 

fighting odnnitiona alao acoompany low voltage* Conaequmitly* low power fmtor dreiilta 
liquira eipendva voltage legating equipment or the oualffy of novice ia Iniedor and 
leauha in owsratiDg and ncoductkm difficmltiea. 



2,402 


Condensers 


follows that a group of lightly loaded induction motors can tjke from 
the system a large current at exceedingly low power factor. | 

Transformers are rated in kilovolt ampere output tha^ is, a 
100 kva. transformer is supposed to deliver 100 kw, atiUmty 
power factor at normal voltage and at normal temperatur^; but 
if the power factor be .6 lagging, the rated energy output of 
the transformer would be only 60 kw. and yet the current and 
consequently the heating, would be approximately the same as 
when delivering 100 kw. at unity power factor. 



Fig. 4,245.— Curve showing relation between power factor and line loe» when carrying con* 
•tant kw. load. 


The regulation of transformers is inherently good, being fw snail lic^t> 
ing transformers about 1 H to 2 per cent, for a load of unity power factor, 
and about 4 or 5 per cent, at .7 power factor. Larger transformers with 
a r^^ulation of 1 per cent, or better at a unity power factor load would 
have about 3 per cent, regulation at .70 power factor. 


Alternators are also rated in kva. output, usually at any 
value of power factor between unity and .8. 
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The deleterious effects of low power factor loads on alternators are 
even more marked than on transformers. They are: decreased kilowatt 
capacity, decreased efficiency, impaired voltage regulation, and the neces- 
sity for increased exciter capacity. 

Example . — In the case of a 200 kna. alternator designed for .80 power 
foctor (160 kw. output), if the power factor in tihe circuit supi^ied by this 
alternator, be about .6, it is probable that normal voltage could ob- 
tained only with difficulty even though at this power factor the alternator 
would be delivering no more than 120 kw. The lagging power factor cur- 
rent in the armature sets up a ffux which opposes the flux set up by the 
fields, and in consequence tends to demagnetize them, resulting in low 


I 



Fm. 4,246.— Curve dtowing relation between power factor and line drop for conatant Jb*. 
lo^ over a 1000 ft. 3 phase, 60 cycle circiut of No. 0 wire, 9 in. spadng. 440 volts at motor. 
It will be noted that the drop iitcreases more rapidly than the power factor decreaam. wbkli 
bi turn is due to the reactance of the circuit. This circuit might be consideted as typical. 


armature voltage. It is often impracticable, without the installation of 
new ex;citers, to raise the alternator voltage by a further increase of the 
exciting voltage and current. 

The Add losses, and therefore, the Add heating of the alternator, when 
it is delivering rated voltage and current, are greater at lagging power 
foctcMT than at unity. Increased energy input and deoeased eaeegy out- 
put both cause a reaction in efficiency. 

The r^fulaticm at unity power lector of mooem alternators capaUe of 
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cearymg 25% overload is usually about 14%. Tlieir r^^^on at .7 
power Victor lagging is about 30%. | 

The effect of low power factor on the lines can best Ick ^own 
by examples. I 

Example . — ^Assume a distance of two miles and a load of lOO'iw. It 
is desired to deliver this load at about 2,300 volts, 3 pdiase, 60., cycles, 
with an energy loss of 10%. 



Fto. 4,247. — Curves showing volts drop over a 1,000 ft. 3 phase. 60 cyde, circuit of 146.0 
wbe, 9 in.'spacing. 440 volts at motor. The curves show the actual volts <lr«q> in this cir« 
cnit carrying varkHts loads at various power factors. These carves are intenctod to idve a 
picture of the effect of reduction of power factor and are not intended to be used in acMal 

cttletilatioiift. 

Each conductor at unity power factcil' would requite an area 'ttf 
25,000 cir. mils; at .9 power factor, 30,820 cir. mils, whfle at .6 power 
fsctcMT, €9,500 dr. mils would be necessary. From this is will be seen 
that the investment in copper will have to be nearly 2.8 fhnca as mudi 
at .6 power factor as at unity. If the same size wire were used af £ as 
at unity, the energy loss would be 2.8 times the loss at uni^i or 28%. 
Low lagsing power factor on a system, therefore, will genentUy mean 
limited out^t of the i»ime movers, greatly redumd kilowatt dqwcity 
vi alternators, transformerB and lines, as well as increased energy lOM^ 
The regulation of the mtire systan will also be poor. 
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Example * — ^Assuming a distance of five miles and a load of liOOO kw. 
and desiring to deliver this load at a pressure of about 6,000 volts, three 
phase, with an energy loss of 10 per cent., each conductor at unity power 
factor would have to be 79,200 cm., at .9 power factor, 97,533 cm., and 
at .6 power factor, 218,000 cm. In other words, at the lower power factor 
of .6, the investment in copper alone would be 2.8 times as much. 


goo. 
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1^0. 4,248.^Discrain abewiiig a set of phmmt ehtctncterMie eurve» taken from a Getiecal 
B3aetric«aficAfonoiia motor. Thm^e cMirvmi tk€ eurrtHt input to iht moiw iU 

ifi0ds with constant voltage and varying field excitation. There is a certain held corrent mt 
load that causes a minivnum cuneot. Any increase or decrease of held from the value 
increases the current and causes it to lead or lag with respect to the line voltage. 

IC the «Mme size of wire were used at both unity and .6 power fiuitor 
lagging, the ener^ loss would be about 2.8 times the loss at unity power 
foctor, or about 28 per cent- Low lagging power factor on a systan, 
jOierefore* wifi gaierally mean limited output of jaime movers; greaUy 
reduool kfiowatt capacity of generator, transformer and line; and 
r twwnori energy losses. “libe regulation of the entire system will also be poor. 

iCwt <0^ Synchronous Condenser vs. Cost of — rJte- 

Ie«ij 3 ig to the egan^ given in the preceding paragrai*. and 
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calculating the necessary extra investment in copper mth the 
.6 power factor load, and copper at 17 cents per poufid, the 
result is that 29,292 pounds more copper is requir^ than 
with the power factor of .9 which means a total extra Invest- 
ment in copper alone of $5,000 (29,292 X $.17). ' 



Fig. 4,249. — D^atgram showing the current taken hy a eynehronowte motor of normal 

design when operating at normal kea. input at various power factors, tt wttt be noted 
that a eliyht departure from unity power factor neceeeitatee a coneiderable chanye 
in Meld current* 

A synchronous condenser of sufficient capacity to accomiffish the same 
xeMilt would cost about the same amount. It would therefne cost less 
to install the a>nden8er because at the same time a considerably increased 
capacity would be obtained from the alternators, transfonnen, etc. 

Cause of Low Lagging Power Factor. — In general, on sys- 
tems where tli^ power factor is low the cause is alemt entirely 
induction motors. 

Unreasonably low power factor will usually be found due to: 
1, The use of motors of inferior design and constnictloii 
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Inquiring larger magnetizing current than necessary; 2, the use 
of motors too large for the duty they perform; 3, the prac- 
tice of allowing motors to run idle or lightly loaded. 

The exciting current is practically constant, irrespective of load. If the 
motor be carrying less i^n full load, the in-phase component is less, and 
since the reactive component remains the same, the angle of lag 9 becomes 
greater and the cosine 9 or power factor becomes less. 

With the motor running light the in-phase component is just sufficient 
to supply the friction and windage and core losses of the motor, the power 
factor is reduced to 10 or 15% and the motor takes about 35% of full 
load current. 

The effect of the magnetizing current of transformers is practically 
negligible when operating at or near full load, but a large number of un- 
load^ or partially loaded transformers on the line may seriously affect 
the powo* factor. 

Advantage of Improving the iPower Factor. — It is apparent 
from the disadvantages of low power factor, that there are 
corresponding advantages of high power factor, and, therefore, 
it is to the advantage of the ultimate consumer to obtain the 
highest possible power factor consistent vrith economy. 

It is a problem of balancing the benefits obtained such as 
lower charges from the power company, lower investments 
within the plant and improved operating conditions, agaimt 
the increased cost of equipment necessary to improve the 
pow^ tactor. 

The benefits obtained naturally depend largely upon the 
particular case 

Improving the power factor in an industrial plant might mean the 
avoidance of i rostalling an additional alternator, additional transforms 
or additional lines. It might mean a consWerable saving in poww biUs 
due to better rates and, in addition, a saving in losses, in transformersj 
li }t^ and motors sufficient to warrant investment in power factw im- 
provement devices. It might mean an improvement of voltage conditions, 
such as to Increase production as a result of maintaining rated speeds ^ 
motors. Imjaoved lighting and voltage conditions might 
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Aw. 44^50 to 4J2S3.-~Chart for tne in determining the per eent teactire fa>a. rMiulred to ate 
tlw power flKtor to a deteed vatue. ^campUt To tod the "per cent reactive ktm." moMk 
iicr to ttee tiw power facto tom preeent power factor to detitad power factor, lag aatraighk 
a^ aoeaa the chart comeetiag theae two valuea. Read the reactive tei. in par east ti 
tiw pwwBt km. load oo the middle achla. 
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Poww Factor ImproToment — ^Table 1 

(The figone bdow X kilowatt input -leading loo. required, to improve from one power factor 
toanoOierO 



ia«iHMv<«.---TotaI to. h^of ftent from watt meter readliw 100 to. ata power factor 
'nw leaiUngiaactW* Am necmaary to rate the power factor to 90% ie foond by 
■wittiilybic the 100 to by the factor found ia the tAble whkh ie 4M9. 100 Aw.X.8tf«>9(o0 
Am, If etatie condenaera be ua^. diooae the atandaed unit neamat to 84.9. IfaynchtMitiNiiie 
ttoeon be «ued, eee example mider the tfcUe on nage 2.410. 
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further mean a considerable saving in maintenance, as low volta^ usually 
results in overheating of motors, transformers and cables. !i 

How to Im^ove the Power Factor. — In a plant th^power 
factor may be improved to some extent by re-arrangerimU cf 
the motors so that they will operate more nearly at full lodd. 

Even after the motors are correctly appli^, production re- 
quirements may vary, demanding motor sizes that result in 
poor load factors, and consequently, poor power factor condi- 
tions, because they are not fully loaded at all times. It is 
usually impossible to secure good power factor conditicms. 


PowCT Factor Improyement — Table 2 



SMtftiire Kv-*. 

7.P. 

RiMtiv* Kv-.*; 

F.P. 

Mmehiee Kwttu 

1.00 

.000 

.83 

.072 

.06 

1.138 

.00 

.140 

.83 

.008 

.05 

1.100 

.00 

.200 

.81 

.724 

.04 

1.201 


.201 

.60 

.750 

.03 

1.233 


J02 

,70 

.770 

J2 

IJOO 


J20 

.78 

J02 

.00 

IJOO 


J03 

.77 

.820 

.00 

1.333 


JOO 

.70 

.806 

.50 

ijoa 


.420 

.70 

J83 

.58 

1.405 


.406 

.74 

.000 

J7 

1.4a’ 


.404 

.70 

.030 

.60 

1.470 

JO 

.012 

.72 

.004 

.00 

1.50h 

J8 

JOO 

.71 

.903 

.64 

1.550 

J7 

J67 

.70 

1.020 

.53 

1.000 

JO 

JOO 

JO 

1.040 


i.oa 

.85 

J20 

.08 

1.078 

J1 


J4 

.040 

.07 

1.108 

.60 

l.TfS 


NOTE. — ^The figures in the table show the amount of reactive kea. ror each he, energy load 
at various power factors. For synchronous motors, the figures show the leading reactive 
per he, input. For induction motors or a load with lagging power factor^ the figures show the 
laupng reactive ha, per kw, energy load. 

KMample . — Refer tb table on page 2,409 Assume improvement desired by substitutkm 
S power factor synchronous motor for iriduction motors. For each kw, load driven by indiio* 
tiofi motors operating at average power factor of .6, the table shows there is 1.333 lai^ng 
reactive haJFot each kw, input in .8 power factor sytichronous motor, the table shows a lead^ 
teactive ha, of .75. If .8 power factor synchronous motors replace S power factor inductioii 
motors, each kw. in synchronous motors reduces the lagging reactive he, 1^3334* .75 «t»2«083 Asa. 
The total reductkm necessary to improve the power factor is shown by table on page 2,409 
to be 84.9 ha, "per capacity in .8 power factor sytichronoiis motor required is 84.9 4*2.0^ « 
40.8 Aw. A 50 hp , — .8 power factor motor should be recommended. 













Condensers 


2,411 


without the use of some corrective device^ but, before installing 
devices to supply it, the magnetizing kva. should be reduced 
to the minimum. 

There are two kinds of corrective device used to correct the 
power factor: 

1. Synchronous condenser; 

2. Static condenser. 

The choice between these two types depends on the conditions in the 
industrial plant. The substitution of a few comparatively large syn- 
chronous motors in place of induction motors, where conditions are suit- 
able, often is the most economical method of improving the power fector. 

The usual application is met best, by the simple squirrel cage induction 
motor, but it is common practice to obtain the desired power factor for 
the plant, by installing a few synchronous units, or static condensers, 
whidiever be better adapted to local conditions. 

Selection of the Corrective Device. — ^As before stated there 
are two types of equipment available for correcting low power 
factor: synchronous condensere and static condensers. 

In general, the characteristics of each type make it better 
suited to specific classes of service, and for every individual 
application one type. or the other is preferable. 

Th» choice is usually one of relative economy, although in some cases, 
service conditions are the determining factor, as, for example, where the 
requirements for mechanical drive indicate definitely synchronous con- 
dfmsers, or on the other hand, where provision must be made for expansion 
at a future time, in which case, static condensers are inore suitable. 

Ttie selection for any particular application is best made by 
calculating the net return on the investment required for each 
type of equipment. This involves determining: 

1. First cost: 

a. Equiinnent including necessary accessmies. 

b. Installation expense. 
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2. Operating cost: 

a. Power cost (losses in equipment). 

b. Carrying charge, including maintenance, interest and dept^^tion. 

3. Gross return: 

a. Reduction in power bill. 

b. Saving in power loss. 

c. Improvement in production due to improved voltage conditions* 



Fig. 4,254.— Curves showing determination of static condenser required to give desired 
fsctiott in power factor. Follow horizontal line corresponding to preseiit power factor ol 
load until it intersects curve representing power factor desired, llie vertical projection of 
this intersection on the base gives the size of condenser required in per cent of kw. load. 
BxmmpU^ — hoad 300 kw , Present power factor 60 per cent; power factor desired 90 per cent. 
Froj^tion of intersection of 60 per cent power factor line with 90 per cent power factor curve 
gives desired condenser as S4.9 per cent of 300 kw» or 255 kva. 

These factors all vary, most of them over a wide range, in 
different installations. No general rule can be given. There 
are, however, broad tendencies which give an idea of the gen* 
eral fields of ai^Ucation. 

1. First cost: 

a. Static condenser equipments ate made up of units, ami thtxtfoie, 
the cost per ibo. is nearly the same for all rises. Syndmmcirii oooalBnae^ 
oa the '^ther harai, cost far less par ih«. in the hage shees than in the wail 
si*e» 
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b. The unit construction of static condenser equipment affords easy 
handling without special equipment and with few men. The foundation 
required is less expensive than for the synchronous condensers, since the 
only requirement is to support the dead weight. 

In general, from the standpoint of first cost, the static con- 
densers show up best in the smaller sizes and the synchronous 
condensers in the larger sizes. 

2. Operating cost; 

o. The power loss in a static coitdenser is approximately .5% except 
where transformers are required, when the transformer losses, carrying 
from 3% in the small sizes to 2% in the large sizes, must be added. The 
losses in a synchronous condenser vary from 10% in the small sizes to 3H% 
in the Iwge sizes. For the application under consideration, the ast ol 
these power losses should be figured at the prevailiixg energy rate and for 
the normal hours of operation to give the total yearly cost. 

b. While the attendance required for static condensers is somewhat less 
than for 83mchronous condensers, it may be assumed, with at most a small 
error, that a yearly charge of 15% represents a normal carrying charge 
for either equipment. 

Here again the static condenser appears to better advantage 
in the smaller sizes and the synchronous condemer in the. 
larger. 

3. Gross return: 

a. Fcm- each application the reduction in the yearly power bill must be 
detarmined from tiie anticipated load and the rate schedule in force. 
ThiB item should be the ame for either type of equiianent. 

b. In some cases appreciable savings result from reduction of the line 
km between the meter and the corrective equipment. Except in cases 
adiere the two types would be placed in different locsitiom relative to the 
meter, this it«n would be the same for both. 

e. Impropa* installation (as where load has been added without in- 
crease in tlm size of the transformer or of the supply wiring, or where the 
hw leads are long) causes the line volti^ reguhition at tiw motor 

to be poor. In qperaticms requiring frequent starting or stuping of the 
metorvOr whem ^ ntotOT load varies over a wWe n this may have 



2,414 


Condensers 


a radical effect on production speed. These conditions can be mptoved 
by power factor correction through the use of either type of ewpment. 
llie only difference between the types would arise from a difli^renoe in 
location. | 

From the data secured by this method, the amount of in- 
vestment required and the net return on that investment, can 
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PER CENT LOAD PEP CENT LOAD 

Figs. 4,255 and 4,256 — ^Weatinghouie diagrams showing application of low voltage static eon- 
densers to induction motors. Fig. 4,255, resuiu when a 4 and 8 kpa, static condmer is used 
with 20 h.p, three phase 60 cycle, 8 pole, 220 volt squirrel cage induction motor; l»g. 4,256, 
results when a 1, 2 and 3 kva, static condenser is used with a 5 three phase, iO ^fde, 
6 pole, 220 volt squirrel cage induction motor. Application: Low voltage static eondensert 
may be applied <m any circuit where power factor corn^tkoi is necessary, being limited only 
by the initial cost as compared with the initial cost of group connected 2300 volt eondensere » 
plus transformers. The most favorable applications for low voltage static condensers are, on 
individual feeders, which are running hot, due to the poor power factor of the loads, and on 
isolated induction motors, with poor power factors. 


be detennined for each tjnpe of equipment. This will give a 
b^is for determining the most economical type of equipment 
to use. Also, it is necessary to take into account, in addition 
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to the considerations of economy, the differences between the 
characteristics of the two types that may make one or the 
other better suited for use in some particular application. 

Synchronous condensers provide a ready means for adjust- 
ing the amount of the corrective kva. in response to the changes 
in the load conditions, and therefore, meet some conditions 
of installation better than static condensers. 

Static condensers usually are provided in assemblies of 
fixed corrective kva. although in the larger sizes some adjust- 



Fig. 4,2S7. — Field of a tynchronous condenser. Note the eimortUtBeur winding^ tnomouJy 
called gquirrml cnge winding, consisting of two end rings which serve to short circuit 
spokes passing through the pole tips as shown. The amortiMeur winding assists in 
atariing and strvts also as a damping dssics to minimise hunting* 


ment by comparatively wide steps can be secured. It is pos- 
sible in special cases to provide for closer regulation by the 
addition of accessory equipment. 

The function of condenser and medianical drive can be corn- 
boned in synchronous condensers, but not in static condensers. 

In many cases it is an advantage to distribute the corrective kea. over 
the system in a plant, or over a large system in a dty. This can be done 
widamt loss economy through the use of static ccmdensers, because of 
the uniformity of price per koa. and the efficiency of all sizes. Therefom, 
fo is necessary, in any complete econcxnic analysis invcdving diis equip- 
meat, to have established the amount of the investment, a certain 
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percmtage for the fixed charge, a schedule for operation, an ^fiergy rate 
and maintenance cost data. 

Curves showing the fields of application for syn|j|ironou8 
and static condensers are given in hg. 4,238. 

Synchronous Condensers . — A syndironous motcnr when suf- 
ficiently excited will produce a leading current, that is, •when 
over excited it acts like a great condenser, and when thus op- 
erated on circuits containing induction motors and similar ap- 
paratus for the purpose of improving the power factor it is 
called a synchronous condenser. 

Although the motor performs the duty of a condenser it pos- 
sesses almost none of the properties of a static condenser 
other than producing a leadi^ curr^t, and is free finom many 
of the inherent defects of a stationary condenser. 

The relation of power factor to the size and efficiency of 
prime movers, altmiators, ccmductors, etc., and the value of 
syndironous condensers for in^iroving the power factor is gen- 
erally recognized. 

Assuming that everything that is feasible has been done in ajqdying 
induction motors with a view of obtaining high power factor and that 
the power factor is still unsatisfactory, syndironous motors, if apf^cable, 
gentry prove to be the most economical and effective means of bringing 
about the desired improvement. 

The application of synchronous motors is not so well untferstood as the 
apidication of induction motors, and therefore, it would be well to dfecuss 
some of the more potinent factors r^aiding characteristics, fields of 
application, and types or lines available. 

Sudi marked improvement has been made in tte starting (haracterirtka 
of syndircmoas motors within the past few years, that, as far as starting 
is concerned, syndironous motors can now be consider^ fer any applica- 
tion where sqtdrrd cage induction motors are satinGsetory, 

The pull-out torque of a synchronous motor vBxks diredly 
with the voltage, while the maximum running torque t^ 
induictioni motor varies with the square of Uie vottage. 
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Under starting conditions, however, the starting torque and pull-in torque 
vary with the square of the voltage, the same as with induction motors. 

S3mchronous motors can be designed for unity power factor 
current in phase with the voltage, or for leading power factor 
current lea^g the voltage. 



fie, 4 , 258 .--Ctmpari«in of the speed current curvet and tieed power ftetar curvet «t * 
typical cyiM^hiXMiout and induction motor. 


It be understood, however, that the leading power fac^ syi^ 

dinmous motor is inheraatly more expensive and less efficient iJi?n me 
mdty power factor synchtonwis motor, and for this reason, it is to me 
meir's advantage to use unity power foctor synchronous motors 
the denied power factor imiaovement can be obtain^ by their use, 
same api^ies to .9 power fiactmr motors, as ccxnpaied to .8 power faotor 


moton. 
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It may be found that .9 power ^tor motors will give the deBj|««d factor 
ui^>rovement and the user will usually benefit by a Iowa* pice ati||i a higher 
effidencv than if he had purchased a .8 power factor motor. 

It is customary to operate synchronous motors ■mth the 
0eld excitation held constant at the value corresponaing to 
normal full rating as regards output and power factor 


POWER transformer 

'v 

POTENTIAL transformer 


INCOMING LINE 

" HIGH VOLTAGE 
BUS 


RESISTANa 
BOX 


BUCK 
CONTACT 


LOW VOLTAG 
BUS 

SYNCHRONOUS 

CONDENSER 



CURRENT 

WINDING 


1*1, EXCITER 
P FIELD 
RHEOSTAT 


LOW VOLTAGE 
CUT OUT COIL 


Fie. 44SB.— Wiring diagram of eqmpment for bolding constant power factor. 


Under these conditions of operation, the characteristic of the syndsro- 
nous motor is such that fen’ loads less than normal, the amount of leading 
reactive kea, available for improving the power factor is greater than at 
full load. This is an important asset of the synchronous motor a* 

NOTE.— SgncAronoiM condensers should be considered for power factor i m proramsat 
when the amount of leading reactive kta. required is 300 A»«. or more and where this can be 
applied to advantage at one point. Generally speaking, static condensers can he used to 
better advantage where the leading reactive Am. requirra is less than 300 Am. TheM ia no 
well defined line where static condensers should be used and where synchronous condenasr a 
abould be need, and even where the capacity involved ie in the order of 1000 Am. atatic eon* 
denseni may euit a particular applicatioa better than a tynehroncHia ccaidenser while a ayii* 
darenoua condenser midbt fit another appUcation Iretter than the static condenser wbm 
capacities of less than 300 Am. are involvei. 
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compared to the compensated or synchronous induction motor, which has a 
characteristic such that the leading reactive kva. decreases with the load. 


The curves shown in fig. 4,260 illustrate what might be 
expected of different types of synchronous motors. 



PER CENT OF NORMAL SHAFT H.P. 

Fig. 4,260,— Curve* for tynq^ronous motor*; reaction kva» available for power factor cor* 
lection at difljeiefit h.p. outputs. Assume motor field current i* held cof^tant at normal 
value. These curve* are based on average values and therefore are approximate. I* 1 pj* 
bcdt drivel xhotors; 2, .8 p,f. belt driven motor*; 3, I p./. air compressor motors; 4, ,8 p./. 
motors of 50% overload MG seU; 5. .85 p,/, motors of continuous rated MG sets. 


Synchronous Condenser Calculations. — In figunng on the 
installation of a condenser for correcting power factor troubles, 
a careful survey of the conditions should be made with a view 
erf determining just what these troubles are and to what ext^it 


NOTE,— riW prtnctfml €uivtmtatm of tho tttnehronom eondo^r 1, ^ fint 
Obat; 2. Inherent characteristics which tend to stabilise the voltage; 3, Easy ndjustment w 
the leading reactive ew. supplied; 4, PoeeibUity of applying the synchroi^ coc^enn^ 
conittnctlon with a voltage regulator to mintaln constant voltage at a giv^ point. 
diehdvantagei as compared to a amdenser are: 1. greeter losses; 2. hii^r attendance; 3. higher 


mainlenancf* cdsu< 
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they can be remedied by the presence of a leading ct|Tmt in 
the system. 

It is necessary to possess a thorough knowledge of i|ie sys- 
tem, covering the generating capacity in energy and JWa,, av- 
enge and maximum load, and power factor on the alterlators. 



The desirable location of a condenser is, of course, nearest the indtuthw 
load in (»:der to avoid the transmission of the wattless current, 1^ it 
often happens that a system is so interomnected that mie huse oondenaar 
cannot eoonoinically meet the ocmditions, in which case it niay be better 
to install two or more smaller ones. 

MOTBv>-as*MAi«oiiotM «mdma*n on be made to operate automaticnlly. elUwnih tWe 
bmi h m • mote expenehre control cquipiDent. Tbe big fidd for eyiicbraaaae p e w d wi es ii 
ie la Buda (Ketribiiting eubetatioBt. partkulariy ttioae conaectad with latft pow er tfUmmu 
when it iadcehrod to maintato vbitafe. and ia larger iaduatriid phnite addoh teqidt* a aaa^ 
aUerdilc aaMNntt of leadlag naethre *M. and better vottase mgvSation. 
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The question of suitable attendance should also be considered and, foe 
this reason, it may be necessary to compmnise on the location. 

When the location of the condenser has been decided upon 
and the load and power factor within its zone determined, the 

PERCENTAGE miTLESS K V A.C0RRESP0NDIN6 TO GIVEN KW. CORRECTED 



Flo, 44i62.-*-Ciirye8 showing amcmnt of wattless component required to raise the power 
tector of a given kw^ load to required higher value. The wattless components are expressed 
as percentages of the original kw, load. Tha numbern at tha right which indicate the 
pc^ts tk tangency of the power factor curves to the 100 per cent, line* show Uie amount 
ol wattless component required to raise a given load of given lagging power factor In 
unity power factor. Obviously the addition of further wattless component in a given case 
woidd result in a leading power factor less than unity. 


proper size of condenser to raise the power factor to a givaa 
value can be found in the following: 

Sxomple^-^Amame a load of 450 kto. at .65 power factor. It is desired 
to raise tiss power factm* to .9. What will be the rating of the condenser? 

Refcning to the diagram, fig. 4,261, it is necessary to start with 450 
'kfp. At ^65 povec hetor, or 692 kva., this has a wattless laia^ ooto* 
of v'e9^-4S0*-525 km. With the kiad undhangwl and tte 
pofwer factor rcdsed to .9, t here will be 500 apparent km., which wilj hwi 
* iwttJesi fompoaient of v'500*-H5(]^»218 
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It is d>vious that the amdenser must supply the different between 
525 km. and 218 kva. or 307 km. A 300 km. ocmdenser w(wd, there- 
fore, meet the requirements. | 

If it be desired to drive some ena-gy load with the (xmdense^and still 
bring the total power factor to .9, proceed as indicated in fig. 4,|63. As- 
sume a total load of 150 kw. on tite motor. As befcon, 450 k^. at .65 
power factor, or 692 kva., with a wattless component of 525 kvA. 




i 


Fig. 4,263. — ^Diagram for synchrcmoua oondenter calculation for cates where it is denned to 
drive some energy load with the condenser and still bring the total power factor to .9. 


NOTE . — A dmnifmbUt charact^rMic oi thm agnelironoiia motor is its tendency to 
•tabdiie the voltage. Under conditums of high voltage, the leading reactive kra, d ecres e es 
and, tinder conditions of low voltage within reasonable limits, the leading reactive in^ 
rmliafu The inherent characteristics of the synchronous motor, therefore, tend to hold a 
constant voltage. The price of synchronous motors becomes more favorabki as compared to 
induction motors as the ratings increase and as the speeds decrease. From a price standpoint* 
synchronous motors are not generally considered in ratings of lets than 30 white for low 
sphbd applications 100 less, to 400 r,p.m. the synchronous motor has a legitimate field regard* 
less of the power factor pcMem. Since jkiw i^ieed inductioii motors have an inherently low 
power factor and require a large amount of lagging r ag htiy e ihrs. it is evident thgt the greatest 
benefits are obtained in power factor improvement: by the use of low speed syndhronoiis motors 
in place of low speed inductioa motors, the foceiBOing remadci give a genemt Men of Hie 
fields of appUcation of the cynebroimw motor. 
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The energy load will be increased from 450 to 600 kw. as indicated, 
and with the power facto r raised to .9 there will be a kta. of 667 with a 
wattless onnponent of v'667*— 600**291. 

There must be supplied 525—291*234 in leading km. 

The synchronous motor then must supply 150 kw. ene rgy and 234 tea. 
wattless, which would give it a rating of Vl50*+234**278 kva. 


< *JOOO 



KW-ENCneY 

4«2S4.*^h«ft showing the relation of energy load to apparent load and wattleea oonoh 
ponanta at different power factors. 

Tile standard 300 ipo. ccmdenser wovdd evidently raise the power factmr 
subtly above .9 power factor leading. 

By reference to the chart, fig. 4,264, the size of the required ccmdenser 
can be obtained direct without the use of the above calculation. Hie 
method of using this chart is as follows: Assume a load of say 6,000 Me. 
at .7 power factor and diat it be desired to raise the pomr hdor to .9. 
Bun up the vertical line at 3,000 kw. to the .7 power factor Ihie, and fixm 
there idong the horizontal tine to the margin and find a Ufattfess com* 
poncnt at this power factnr of 3,000 few., approximatdy. Again nm up 




Fig. 4,2^.—- GeoenU B3eeihc autic ccxideiiitf connected to individual motor 
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the 3,000 loB. vertical line to the ^9 power factor line and fttnn there along 
the horieontal line to the margin and find a wattless component of 1,500 
bm. The rating of the condenser will then be 3,000 ^.-1,500 Jbe.* 
1,500 kso. Thb table of course can be used fat hundreds <A kitowatte 
as wdl. 

¥<x determining the rating of a synchronous motiH* to drive an aaet^ 
load this chart is not ro valuable, althoui^ it can be used .. determining 
the wattless onnponent direct in all cases where the energy ccanpoi^nt 
and power factor are known. Knowing this energy compomnt and power 
factca* or wattless component, the energy load can obviously be found 
by referring to the cutWl lines on the chart, the curve that crosses 
the junction of the vertical energy line and the power factor or wattless 
component line giving the total apparent k»a. 

StiUit CoBdensers. — ^By definition a static condenser is a 
device that stores up eUxtrostatic energy by subjecting the insula- 
tion or the dielectric^ between two amducting elements, to a voltage 
:^ess. 

When the voltage apidied to a condenser is increasing, energy is being 
stored, and when the voltage is decreasing, energy is being retiimed to 
the circuit. When an inductance is connect^ to the line, dectromagnetic 
energy is stored, but this storage of energy takes place at a different time 
6oin that of electrostatic energy. 

The current taken by a perfect inductance is 90* lagging, while tbe 
current taken by a perfect condenser is 90* leading. Hie static condenser 
therefore acts as a stm^ tank, receiving the dectro^nugnetic energy 
as it is returned to the line and supidying it bade to the motor as needd, 
thus cemfining the wattless current to the portion of the line between the 
condenser and the load, and avoiding its transmission ova: the line. The 
power factor of the line between the ctmdenser and the load, mid the 
powor factor of the load remain imdtanged. Ncme of the operating con- 
ditions of tlw motor are changed, other than a possible improvement in 
p^ontnance, due to better vdtage r^ulation being maintair^ at the ter> 
aaiaals of the matat. Synchronous omdensers have played an impeatant 
part in tim field, but ^dr use is somewhat restricted to idants where 
they are needbd in huge sises and where the atimtion necessary to rotating 
aigiaietus is not a seriouB factor. 

In to meet tiie demand for oorrectiim devkes tor 
anmlw loads and to oKtinmtttw the hiflii cost of installation sod 
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attoidaiioe, the static condenser has been 



developed* Other 
advanta^s that 
may be n^ntioned 
are: \ 

1. Noatt^dance 
is required. 


2. No special 
foundation is re- 
quired. 


Fig. 4,266(<--Cetierat Electric three phase static condenser. For 2»30D volt service it consists 
of a number of sutic condenser units, a reactance for dampening out the higher harmonics 
in the voltage wave which would affect the corrective capacity of the units* a discharge lo- 
aistance for draining the static condenser charge when disconnected from the line* and an 
oil circuit breaker for the control of the equipment. For 220* 440 and 550* volt aervioe* 
transforming apparatus is also provided* to step up the supply voltage to 1*200 voiu lor the 
static omdeosers. The number of static comlenser units included in an equipment is di* 
i^y proportional to the capacity required. The units are treated under vacutun to witiK 
draw 1^ moisture, immersed in oil, and the container then hermetically se^M to prevent 
possible absorption of moisture from the air. The units are mounted on a radc as ehown 
in tile illustration. They are connected in parallel across each phase* one terminal being 
connected diiectly to one leg while the other is connected to the other leg of the phase throm^ 
a fuse. The purpose of the fuse is twofold. First, to piovide protection for the uidm ai^^ 
the applicatkai of an abnormal voltage; second* to provide a meant of automatiodly opening 
the connection of any unit to the bus on the rack in caae of faUttie of the unit* makin g It 
Ofifiecessary to disconnert the entire erniipment. 
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3. Has no moving or wearing parts requiring replacement. 

4. Condenser does not “drop off" the line if the voltage fail 
for a short time. 

6. Noiseless in operation. 

^Construction of Static Condensers. — ^Static condensers are 
made in units containing systems of metal plates separated by 
dielectric material, so that energy is stored by the application 
of voltage to the plates. 

In (Hxler to convenioitly subject the dielectric material to uniform volt- 
ages, it is divided into many sheets spaced with metal foil, alternate 
layers of metal foil being connected together to form terminals. 

Various numbers of sheets are used between the foil depending on the 
voltage. The kta. capacity of a given condenser is a function of the area 
of dielectric matoial and the voltage po* unit thickness apidied to this 
material. 

The wra-king vcdtage per unit thickness has been detennined by kmg 
investigation. Static condensers are designed for indoor and i&r outdoor 
service. The outdoor condensers are oiclosed in a weather protected 
housing. 

Calculations for Static Condensers. — ^The km. of static con- 
densers required to correct any given power factor to any desired 
power factor is entirely dependent on the kw. load of the plant. 

A condenser which would correct a 100 kw. load from 50% 
power factor to unity power factor would only increase tte 
power factor to 76% if the kw. load became 200. 

Example — ^An industrial plant has an average load of 100 Aw, and 
avenge power hicttH' 45%. The power rates are such that a penalty is 
imposed for power foctors below 85% and the penalty is sufficient to 
murairt the installatkm of power foctor correcting Apparatus; that is. the 
e^ual saving by ctxrecting the power factor should more than offaet the 
intend, upkeep and d^aedation of such equiianent. 

*NOT£.^Tliit detcription rektea to Wer tioglioiMe type LD static ooodenser pomr 
lictior cocvectioii on 60 cycle ckciiits. 
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Example.— Preaeat load- 100 kw. at 45% power fiictor. | Desired 
powor factor -85%. \ 

PrMent iba. - ^ - 222 ibM. 

.45 

Present reactive km. - v'222*— 10^ -> 198 km. 

100 

Km. at desired power factor— —— 117.8 km. 

Reactive km. at desired power factor — Vll7,8* — 100* —61 .6 km, 
Oarective effect needed— 198— 61.6— 136.4. 

Size of standard condenser - 150 km. 



tta,Ajei.—Dawma tar power factor cxrrection ai e«pUined in the accot n p en y ia g w o WHila . 

In some cases it may prove prodtable tfi correct the power factor 
to unity, but in the present case all that is desired is to correct the power 
factmrto85%. At 45% power factor the total Jba. is 222 and accordingly 
die power transformor must be sufficiently large to take care of it. 

Hie reactive, oe wattless km. is the vectTH* difference between 222 and 
100 car 198 km. 

At 85% pdwer factor the total kea. will be 117.8 whidi shows diat the 
customer’.^ transformer capacity can be jnactically cut in half. The watt- 
kas kva. in this case will be 61.6 so that die necessary oonecdve effect 
to dbange the load from 45% to 85% power factor will be 196 ndnus 61.6 
or 1%.4 km. The proper size of static cmidenser would, dier^ore, be 
one of a 150 km. rating. (Kyrknisfy die hew power t tand oanwr rating 
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should not be less than 150 Am. which is 
the continuous demand of the static con- 
denser alone. 


When the condenser kta. has been 
determined for a given condititm, 
the power factor correctitm will 
diange as the load chaises. The 
load may change by addition of mo- 
tCMrs or by increase of the load cm 
the motor already in operation. The 
change in the latter case is depend- 
ent upon the characteristics of the 
motor. When the load is changed 
by the addition of motors having 
the same power factor as the first 
one, the conditions will change ac- 
cording to the table here given. 


Example . — ^Assume a plant with thirty 
motors of five kw. eadi, all having a 
power factor of 50% whm running. On 
an average but twenty of these motors 
are in operation at one time givini; a load 
of 100 kw. at 50% power factor. To 
correct this load to a pown- factor of 85%, 
115 Asa. of condense is required. When 
occaaonally, all thirty motors are run- 
ning, the load will be 150 kw. and the 
power factor will then drop to 72% and 
when but ten are in operation, the 
power factor will become 90% leading. 

Data B«<liiired few the 
^ Static Condensers.— In €0idnm* 
plating the installaUbn ol a 
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static condenser, the followii^ information sho|ild be 
obtained: 


1. Present load in kw.; 

2. Present power factor; 

3. Desired power factor; 

9990 ¥0fti • 9 9hat0 SO C/eh Une 


III! 


Circytt^Breaker 


9309 fyftB . 9 99 C/ek Urn 


Pi$ch0iy§ 


Circiiil‘9neht‘ 


;w::|cn-3j 


MMulJ 




iiJui: 


mm 

TrySuwet 


P 


Mb 




Eib4iiR^ 


[wt] 




li.KlK 




Ftat. 4,268 and 4,269.— Wlrinf diagnunt for 2,300 voll static oondeoam. Vi§, 4,20|, tm 
pkaae; ig, 4,2W. tlina phase. 

flea. 44t70 md 44171.— Wiring diagrame for 220, 440 or 560 iroK atatic aa n da w aai a aiaftlg 
Fig. 44170, two phaie: 6g. 44i71, Stoaa pliwe. 
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4. Actual average voltage in plant; 

5 Maximum sustained voltage for periods of at least <me half hour; 

6. Frequency and number of phases; 

7. Rating of the power transformers; 

8. Is the plant at the end of a long feeder or is it located near the center 
of an industrial district? 

9. Is any future increase over the present load contemplated and if so 
how much? 

10. Are there any machines, such as compressors, in the plant to which 
synchronous motors can be properly applied? 

11 . Does the plant operate at normal capacity twenty-four hours a day? 
If not, what are the load conditions during the night? 

12. Is the load subject to seasonal changes and if so to what extent? 

13. What is the approximate short circuit current possible at the point 
where the’ static condenser is to be connected? 

Thi« Information is necessary for the selecti<m of the circuit breaker. 

For long lines, where charging current is a £actor at lig^t 
loads, the static condenser can be divided into two sectkms 
with one unit installed at the receiving end of the line and the 
other at the generating end. 

Thus the diarging current of the line through the static omdenser at 
the generating end gives a drop in voltage equivalent to the rise in voltage 
over the inductance of the line. 

In case there be branch circuits tapped from the line, the total capad- 
tance may be split up into sections located just ahead of ea<± tap off point 
to hold the vdtage at these points at a pre-determined value. Further- 
more, the stability of a long transmission line can be materially inaeMed 
by the installation of a series static condenser because its cmnpensatioD 

NOT£.'~*Cdiitrol eipparaiut fwr mtatie €ondon9€rm^ No additional awitches 

or protactiva davioea are required where the individual atatic condenaer is cxmaectad dhectty 
to the motor terminala» imide the motor and protective device, ainoe it ta protected by the 
motCMT ctmtrdl device and diacharget through the motor windings when the motor line ia opened 
The combinatiofi of a atatic condenaer and tqmml cage induction motor snakes an eaoaedUni^ 
laUaCacfory high power factor unit. Its price generally ia leas than that of a ayncfaronoua in* 
4tpeticiit motor. The unit ia much snore efficient than a synchitmoua induction motor and In 
etvengtbv aimplldty* ease of operation, asid maintenance coat ta superior to all other snbenri. 
Where almoapiieric oondltiona preclude the use of motors with oollector linga# ^ aquimt 
cage motor with a atetir condenser ia particularly adaptable. 
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ot the inductive reactance enables a greater load to be carrieci over the 
line before the load limit is reached. ^ 

The apidication of static ccmdenser equipment to overhead liite of low 
vdtage is equally attractive. Heretofore, very little improvement in 
vcdtage regulation was obtained by increasing the size of co|)ductors 


f 



Pio. 4,272.— Internal aawmbiy of General neetrtc 415 toe., 3.170 volt dlnskt ahns MtlSi 
at^ oa n d en e er mounted on ineulatins rack far 38 toe. One voltagB. 

beyond a certam limit, because the contrdMng fadXMT was the inductivn 
reactance of the line. Witii the addition of a static oondensar, however^ 
the copper may be increased in uze until the econoimc limit of copper w 
readied. Thus it is poenble to use low cost line coostnictioa in 
huge rmal sectkms with dectric power. 
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Series Static Cimdoiser. — ^The use of a smes static con* 
denser, that is, a static condenser in aeriee toith a transmission 
Hne to compensate for transmission line reactance is a new ad- 
vance in electrical engineering, for the practical applicatkm of 
such a static conder^r has presented problems that, until 
recently, had been unsolved. 


POweacwcuiT 



RESISTOR FUSE 
UPPER BUS 

.OWER BUS 


Fia* 4,273.«--Connection6 for 3 phase 220 volt static condenser with transformer. If the 
units were designed for direct installation on circuits of this voltage a considerably greater 
active area would have to be provided in order to handle the increased current and this 
would result in increased cost. 


FiO. 4»274.«*'<:oiinections for 3 phase 2,300 volt static condenser «ith resistor fuse* 


A static condenser can be selected that will compensate for 
the inductive reactance of the line and transformers in the 
transmission circuit in which it is connected. Jn this manner. 
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the over all voltage characteristics can be made to app^ximate 
tliose which would exist if resistance only were preseni|. 

Figurativdy, the static condenser eliminates the element of distance in 
Power transmission and gives the same voltage condition at the ireceiving 
end of the line as if the alternator were directly connected to the';receiver 
bus, except of course, for the ^ect of line redstance. The magnlitude of 
the line current is not changed. Thus, by utilizing a static condenser, 
approximately the characteristics of d.c. transmission can be obtained and 
tte advantages of the ax. syston retained. For short lines, the static 
otmdenser can be located at any pmnt in the line with the same net over aJl 
results. 



Pm. 4.2n».->G«D«al BtocMcsbisle JibSM. amnbljralK 
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TEST QUESTIONS 


1. What is a condenser? 

2. What is the effect of induction, and of capacity in 

a circuit? 

3. What effect has an induction motor on the circuit? 

4. What happens with a low, lagging power factor? 

5 . Describe the effect of fully loaded and lightly loaded 

induction motors on the power factor. 

6. What is the advantage of improving the power factor? 

7. What is the cause of low, lagging power factor? 

8. How is the power factor improved? * 

9. Name two kinds of condensers used to improve the 

power factor. 

10. What governs the choice between synchronous and 

static condensers? 

11. Describe in detail the synchronous condenser. 

12. Which is the more expensive and less efficient, a 

condenser designed for unity power factor, or 
leading power factor? 

13. How is the field excitation regulated by synchronous 

motors? 

14. Explain in detail synchronous condenser calcula- 

tions. 

15. What is a static condenser? 

16. Give calculations for a static condenser and describe 

Us construction. 
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17 . What data , is required for the application ^ static 

condensers? 

« 

18 . What is a series static condenser? 

19 . Explain the application of a series static cor^nser. 
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CHAPTER 79 

A. C. Voltage Regulators 

Voltage r^ulatiim is one of the important factors in pro- 
viding satisfactory electrical service, the aim of every utility 
OHtnpany. It presents a vital |»x>blem, both to the engineer 
who dedgns, as well as to the one who operates the system. 

While high efficiency in the conversion of energy in the coal 
or waterfall to electric power is essential for the economical 
op^titm of the plant, it is in many ways secondary in im- 
portance to the voltage regulation of the system, as poor volt- 
age regulation affects the quality of service and may seriously 
impair its commercial value. 

Some of the results of poor voltage regulation may be: low candle power, 
or high lamp breakage; insufficient devdopment of heat in electric house- 
haid apidiances; the capacity, speed, lemperattire, and starting torque of 
motors may be affected and otherwise unsatisfactory service may become 
a burden to the apparatus and to the patience of those depending on it. 
hhuntenance of voltage at its normal value by automatic induction voltage 
regolatota not only corrects these conditions and improves the service 
r^iteed the consumn*, but makes it possible for the utility company to 
iffect eoonmiies in the operation of the system, and to derive the remiae 
aatidpated at the time the system was laid out. 

Voltages higher than normal result in increased transformer core losses 
and increased lamp renewals. 

Vditagea lower than nonnal result in revenue losses and d i ssa t is fi e d 
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Close voltage regulation, not only permits the utility com' 
pany to provide satisfactory service for the consumer^ but it 
also makes possible economies in operation whidi woulc|othar' 
vinse be unattainable. 

Electric appliances used in the hous^old are designed for most efikaent 

O' " ■ ■■ " ' 1 c 



Fxg,.4,276. — ^Diagram iUusiroitng ike principle of induction voHugc rcpulaiwre^ The pri^ 
mmr 0 eoii P. eepuisting of many turns af fine wire. i4 connected acrota the main oondiactoci 
C and D, coining from the alternator. The eacoruiary coil S, consisUng of a fern turn$ of 
heaoy mre, is connected in series tw ith the conductor^. The laminated iron core £» mounted 
within the coils, is capable of being turned into the position shown by the dotted Ufies. 
When the core is parallel with coil P, the magnetic lines produced in It by the primary 
^uce a pressure in the secondary coil which aids the voltage; when turned to the poaitta 
Indicated by the dotted lines, the direction of the magnetic lines of force are reveread with 
fsapect to the secondary coil and an opposing pressure will be produced therein. Thiais 
by ttiming the core, the pressure difference between the line wires G and H, can be varied 
ao as to be higher or lower than that of the main conductors C and D. Eegii^tom opgy* 
on thi^ principle may be used for theatre dimmers* as controllers for series lightiag* 
and also to adjust voltage or the branches of unbalanced three wire sbigla phase and 
polypliaae systems* 
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operation at a d^nite pr^tetmined voltage. Their operation at a 
voltage otho* than normal impairs the service, increases the cost to the 
ccmsumer, and reduces the revenue to the operating company. 

A large per cent of the regulators now in use are for the 
automatic voltage control of feeder circuits taking power 
from bus bars having practically constant voltage. 

The regulator is used to automatically increase or decrease the voltage 
of the outgoing feeder so as to compensate for the variable line drop or 
variable bus voltage and thus maintain a constant voltage at the center 
of distribution of the particular feeder. 



Fio« 4,277.*— Curves ahowsng variatkm of wattage and candle power with voltage lor Maada 
lamps* The curves sliow that a slight variation in ventage seriously a0ects the performance 
of the lamp, for a 2% diop reduces the candle power to 93 H% of normal and 

the wattage to 96^% of normal. 

Regulators. — In supplying lighting systems, where the load 
and consequently the iniessure drop in the line increases or 
decreases, it beetles necessary to raise lower the voltage of 
an idtemating current, in <xder to r^^te the voltage de- 
Hveied at the distant ends of the system. This is usually 
acoomididied by means of an aUermUing atrrmi regulotof. 
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Hiere are two types of voltage 

1. Induction regulator. 

2. Load ratio control transfcnmors. 


Qnes. Of wiuit does sa mdactio]i regulator eoaaiat? , 

Ans. It consists of a i»imary winding or exciting coil, a 
secondary winding which carries the entire load current. 



[<- — ^zzovoas— H 

Fig. 4,278.--Diagnun of induction regulator raUing the voltege 10%. In thedtmgrem na 
^ alternator it suppiying 100 amperes at 2,200 voitt. The regulator raiaea the feeder preaaura 
to2,420voiu, the current being correapondinidr reduced U>91 amperes, theotherOamperaa 
flowing from the alternator through the primary of the regulator, back to the alternator. 



K — 220V0OS--H 

Fio. 4,2^0. — ^Diagram <A induction regulator lowering the voltage 10%. ThetBe^ram allMwa 
the regulator towering the feeder preasuie to 1,980 volta with an inaeate of ^ MOOBdarf 
cuneeit to 111 amperes, the additfeoal 11 anperea flowing from the fei^» tteaailt 1118 
IxinKHr w the feeder. 
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Qum. Wliat is ito pitocipie of 

Ans. When the primary oal is turned to various podtiooa 
the magnetic flux sent tluough the seccmdary coil varies in 
vahie, thereby causing oxTespcmding variation in the secondary 
voltage^ the character of whidi depends upon the value and 
direction of the flux. 



COILS SECURELY 
ORACEO BY 
INSULATED 
STEEL RINGS 


BOTH INNER AND! 
OUTER COILS 
HELD IN PLACE 
BY SPACERS 
CORDED TO THE 
COILS 


OIL 

INLETS 


fio* 4*280. — Cteerftl Electric induction voltage regulator oonatniction X. View ahowteg 
bndng of stator coile on pc^yi^ane regtdators. 


Ones. What is the effect of turning the secondary coil to 
Oie nentrid podtion at right aisles with the primary e<dl7 

Ans. Ihe primary will not induce any voltage in the sec- 
ondary, and acccadingly it has no effect on the feeder voltagB* 

Ones. What are the effects of revidving the primary ceS 
INnn die neatnd pesidon first in <«e direcdmi thmi in the 
eOmr? 
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Ans. Turning the primary in one direction increases the 
voltage induced in the secondary, thus increasing tli^ feeder 
voltage like the action of a booster on a direct currenl. circuit 
while turning the primary in the opposite direction hbm the 
neutral position, correspondingly decreases the feeder vpltage. 


Ques. It was stated that for neutral position the primary 


fo«m wound co»ls held in slots 
BY Banding wire 



OIL 
INLETS 


blockino between 

COILS TO PReVCNT 
OiSTOimON 


HEAVY bands outside < 
COILS AND eXTEHOEO 
PLAHSES UNDER COUS 
PREVENT OISTORTIOM 
AND SUCKUMS 


ne. 4,281 .—Ceneral Electric inductioa vtdtage regulator oonatnictioa 2. View 
fara^lg of mar ooUe on potyphaee regulators. 


had no effect on the secondary; does the secondary have any 
dfe^ <»i the feeder vdtage? 

Ans. The secondary tends to create a magnetic field of its 
own self-induction, and has the effect of a choke cdl. 


Ones. How is this tendency overcome? 
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Ans. Hie primary is provided with a short circuited wind- 
ing, placed at right angles to the exciting winding. 

In the neutral position of the regulator, this short circuited winding 
acts like the short circuited secondary of a series transformer, thus pre- 
venting a choking effect in the secondary of the regulator. 

* 

Ques. What would be the effect if the short circuited 
winding were not employed? 

Ans. The voltage required to face the full load current 
through the secondary would increase as the primary is turned 
away from either the position of maximum or minimum reg- 
ulation, reaching its highest value at the neutral position. 

The short circuited winding so cuts down this voltage of self-induction 
that the voltage necessary to force the full load current through the sec- 
ondary when the regulator is in the neutral position is very little more than 
that necessary to overcome the ohmic resistance of the secondary. 

Ques. What effect is noticeable in the operation of a edni^e 
phase induction regulator? 

Ans. It has a tendency to vibrate similar to that of a single 
phase magnet or transformer. 

Ques. Why? 

Ans. It is due to the action of the magnetizing field varying 
in strength from zero to maximum value with each alteration 
of the exciting current, thus causing a pulsating force to act 
across the air gap, which tends to cause vibration when the 
moving part is not in perfect alignment. 

Methods of Operation. — Induction voltage regulators may 
be operated by hand, either directly or through a sprocket 
’indieel and chain, by a hand controlled motor, or automatically. 
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If motw (iterated with hand control, tl» motor may be of the smi^e 
phaae ax, type, although the pol)r|d)ase ax. motor ia pit^enied. 

If automatically operated, it is even mwe advisable to Ui% the poly- 
pheae type* ae the single ji^iase motes: is not wdl adapted for m|8 purpose* 
ahioe, for tte same d»racteristics, the armature of a single pliase motor 
has approaimately twice the \^gfat and twice the inertia of atf^armatiBW 
at a pdyidiase motor. Tfcis increases the ova: running of thetr^pilator 
and a^ its tendency to hunt. Furthermore* the commrtator and brushes 
of a single jdiase motor require considerable attention. 



f!to. 4.202.— Gwaral BSectric conaection diagram for mator orietatad irndar iadu c t ioB mltaiii 
uriag three phiar operating motor. 


When the regulator is motOT operated, the motor is controlled by means 
of a man triide pde, double throw switch mounted on the switchboaid 
nr in any qther convouent location. Dosing the switch one why or idle 
other will start the motor so as to operate the regulator to permit miahig 
nr lowering the line voltage as may be desired. When the correct hue 
wallaffe hi obtained the r^ulator may be stopped by opening the awltdi. 

A limit switdi is provhied which stops the movement at the ngpdator 
hy openiBc the motor circuit as soon as the regulator has readied fither 
eKti ea aa poatebn* but which automadcally closes thh dreuit agdaha soon 
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tt theresulator annature recedes from the extiemO poettioa. The opeEBtfaMi 
ot the switch in either limit position does not interfere with the n a w ea s e at 
of the regulator in the oiqjoeite direction, which movement the operator 
may produce by reversing the controlling switch. 

All induction r^ulators for motor or automatic operatkn 
are provided with a brake to stop the motor as soon as the 
voltage has beai properly adjust^. 




AdkielayaO** 

SfiSfSlSJC' 


UMjpl3DMUMw 


Vto. GMHcal Bleetric tarqae 

I rasulAtw, statioa type. 



This brake for all standard mzes is the magnetically released type idddi 
is in its operation and prevents any other running of the motor. 

The brake preesure is released simultaneously with the dosing of the < 9 - 
eratiag motor drcuit, ooieequratly rdeasing the from any load due 
to NwMo g adaon. The qpening of the motor drcoit supplies the brake, 
prevcntiiig any frirther operati<m of the adjusting mechiuiism after the 
'proper voltage has been obtained. A diagnun oi the connections tor a 
phase regulator rqpetated by a hand controlled three phase asolor 
is shown in 4^. Not only are the oonnectioas for ttm regidattr, 
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indicated, but also the connections for the motor, limit switch, and Cor 
the reversing switch controlling the motor. f 



RCSISTANCe 


FW. 4.285.>--CaaiM6tlOM for epenitiaa of a thm plwoe r^ulator. 
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Flo. 49286.— Rday switidi. it 9 uam it for handling the motor current in w wtmidi at tide OMfw 
rant it too great to be handled by the contact making volt meter. Tbit it a doohle iitit, 
double throw twitch electrically operated by two a.c. magnets, it eonmiBtm •atanflallf 
of two double pole oontactort mounted back to back and mechanically interlocload* forming 
a double pole double tluow contactor type twitch for reversing the regulator motor. The 
motor it caused to rotate in one direction or the other, depending on whether voHage 
of the feeder it to be raieed or lowered, at determined by the doting of the m a in coo l a ctt 
on the contact making volt meter which controls the excitation to the relay i 


Stationoru 

Contoctj 

Hovoble 

Coittocu 


Maqnst 

cm 



iM. 4487.->WiriiiK diagnuB of rd«r ««itch. 
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AudUaries for bdnctioa Voltage Reg^at«Nro. — ^AutonjiatHaJly 
operated regulators do not differ from the motor cmerated 
regulators in so far as the r^:ulating itself is concenM, but 
it is necessary to provide a art of auxiHartes for aooouii 



4^288.— Contact makinf volt natar. it eonaMa o/ a aolanoid and a laifatnated Ifoo 
OMPa which ia aupportad partly by a spring and partly by the current in the solenoids This 
iron coco is conniMrted to one end of a tevet which is pitted at the center. Two oontacta 
are mcmnted on the lever equi-distant from the pivot. When the core is raised or lowened* 
one of the twocontacts will make contact with the corresponding stationary contact aaotntttdi 
dhoctly over it, theruoy closing the control circuit. One side of a low tenskm altenialing 
edcitrol ckcuit is connected to the contacts on the lever, and the other aide is brought thrombi 
the energising coils of the relay switch to the stationary contacts. When the line voltafs 
is normal the lever is horisootal and its contacts are equi*<iistSnt from the stattonary oon» 
tacts, A variation in voltage either way from normal causea the lever to iiiove« and if tha 
change eaoaed the predetermined value lor which the meter haa been adjusted, one pelt 
of oontacta will dose. This energises one of the relay switch coils which In turn doses tha 
motor circuit causing it to move the regulator amiattire in a boosting or lowering dhaclkm 
depending on the variation in the line , until the pcedetennined line voltage is again aestiMPsd 4 
contact making volt meter is very sensitive and responds quickly to voltage thmjSSi 
It la usually adjuuM to operate the regulator vrhenever the line voltage varies 1% eidMr 
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automatic (^)a:ation. For the single phase r^;ulator the 
auxiliaries omsist of: 


1. Relay switch. 

2. Contact>mak]ng 

volt meter. 

3. Potential trans* 

former. 

4. Current trans- 

former. 

5. Line drop compen- 

sator. 

6. Position indicator. 


To Potential 
Transformer 

Vko* 4;289.-‘-Contact makiiig volt meter c on aec t i o iiMu 
4JS8S.;^Tsxt ctmimusd. 

wmy from normal. In order, however, to prevent ttnne ce a oniy operatioa of not onlf Uii 
ternttr but alto of the relay twitch, motor, and regulator, cauaed by small mtermitt^ 
voltage ductuattons which it would be undesirable to correct, the meter is providad witii 
Iv iMi n g coils. These coils are connected in multiple with the relay switch coUt and mm 
mmwamd simultaneously with them, their effect being cumulative with that of the imA 
of tht solenoid whenever there ts sufficient change in voltage to close the main oontaeie* 
This ei^ force is sufficient to keep the contacts closed until the motor has had time to 
ilkrt e n d change the setting of the regulator . Chattering of the contacts is thmeby pcevetttidi 
the Ule of the contaide is increased , particularly that of the relay ssritch contacts, iiaee 
IhamooiHeiCtaaienotcalledttpoo to break the starting current of the motor. AlowvnlleiS 
oetout Is also mounted on the meter ao that if for any reason the feeder dicuit Should be 
egNmed the regulator will rotate to the maximum lowering position instead of the maaltm i m 
bocNting position as woidd be the usual tendenqr. In this way the posribility is nvUlM 
of ianprasi^ a higher vottage on riie Iseder thsm deeked when it is again pfaseed in etrvi^ 
TImi low voltage cutout, hovrever, can be adhisted so that the regulator wm icmalfi in Ihu 
mum position wblcli it Is oocui^ at the tinm the Iseder is bpened if this be dsWiefdU 
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For three phase regulators the same auxiliaries are provided J with the 
exception that two current transformers are included instead pf one as 
for the single phase regulator. Diagrams of the connections smu^ 
phase and three phase automatically operated regulators are nown in 
figs. 4,284 and 4,285. 1 

In order that the actual voltage at a distant point on a dist^butioa 
system may be read at the station some provision must be made ip earn* 
pmsate for the line drop, that is to say, for the difference in voltage be* 
tween the alternator and the center of distribution. 

In order to do this a device which is known as a 'line drop compra* 
sator” is idaced in the volt meter circuit as shown in the diagram, fig. 4,291* 

A line drop compensator consists of a variable resistance and reactance 
(each independently adjustable) by means of which, when used wi^ an 



Sto. 4,290.^tlfi« €Croi> compmnmtor. Vtmd to reproduce in miniature the teektance and 
reactance drope to a predetermined pcnnt in the line. The function of the oompenaator 
is to lower the imprest ventage on the contact making volt meter used with an inaction 
voltage regulator thereby causing the regulator to maintain normal voltage at this pre** 
determined point, tt eonaUta of a resistance in aeries with a reactance, both being pro- 
vided with taps brought out to dial switches, so that the amount of lesktance and reactance 
in leriea with the current transformer can be varied independently. The dials are providad 
widi 21 points, that is, 20 steps for both resistance and the reactance windings, each atep 
being equivalent to 1 volt drop with 5 amperes flowing fErough the windings. Tim voltage 
drop k, of course, proportional to the current so that if instead of 5 ampsrea it were ZS 
amperea the voltage d^ per step would be H volt. 


NOT£.-**Th#|»of«n#lel tranaformor for energising the control coil of theikntact 
veil meter used with induetkm regulators, should have such a ratio as to give 110 volts on thi 
eseondary srith the primary connected across the line and the regulator in the neimral position. 

NOTE. — Standard instrument currant tranaformara sre used when it is deaked to oosa* 
psnHite lor line dipp. It la permkstble to uae the current inmafonnera lor the oparatton of 
indiaiting amin cte is in addition to the regulator, but it k not r ac omman ded that thaybe used 
wMi tha varioua typea of watt meters as the volt aa^iere load would intfoduos iivoisin te 
tuadlng of such inskumenis. 
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automatically controlled induction regulator, or with an alternator vcdtage 
r^;ulator, correct line, drop compensation can be obtained at scxne {re- 
determined point on the feeder regulated regardless of the load or the 
power factor of the load on the feeder, provided, however, that the load 
b taken from the feeder at or beyond the point at which constant voltage 
is to be maintained. 

Polyphase Induction Regulators. — In the polyphase regu- 
lator, the excitation is produced by the combined action of 
diunt windings connected across the separate phases of the 


/fesisfance /Headanca 



na. 4,291 .---Coniiectionfi of line drop compensator when used with inductkai yoltaia 
tator. Induction regulators are usually employed to compensate fot line drop in the feeder 
and to maintain normal voltage at some predetermined point of the feeder diet^t from the 
eiatian. To accomplish this, the line drop compensator is used to reproduce in miniature 
the resistance and reactance drops to the predetermined point designated as the cent er ^ 
dietributkm. This is done by adjusting the ohmic and the reactive voltage drops acrM 
Hie compensator by means of the dial switches so that they will correspond to the o himc 
and reactive drops in the feeder to some predetermined pc^t, so that the voltage imprejn^ 
on the contact voltmeter will correspond to the feeder voltage at tine p oint* ^ The 

lefolator, therefore, will be caused to raise or lower the volta$:e in the station in aocordanca 
with variations on the line and provide a means for holding the voltage at the point on 
the feeder distant from the station for all conditions of voltage, load, and power facloc 
wHhin the limits of the capacity of the regulating equipment. 

hrcnrE ---lf U amimhiep in any system of distribution, to read the active vottage at tha 
point of distribution, by means of the volt meters in the station. A oonpensator prop er ctm* 
alstaof a miable resistance and a variable inductance, and sometimes a curr^t tran^onnnr, 
lb wiring, the volt meter, instead of being connected directly acrose theeeoonwim of a pre^ 
urn traasfdnner, has inserted in series with it, portioiis of the resistance a^ 
HmiMipeiisator* These are so connected that the dr<m in pressure th^ 

Mned sdtH that ^ tim pressure transfonnsr, eo that the volt nwter reading hidicalmuie pm* 
gm at ibe centm of dastrlbutkm or 



2,452 


A. C. Volts^e Regulators 


system. The magnetizing flux produced has a la^cticaily 
constant value, but does not have a constant directiok. The 
magnetic field is a rotating one, not an alternating on|, as in 
the single phase type. All of the slots on the 


OCXONTHOL 

MMNeT 


HAIN COHTACT^ C0MPUi^TIN6 

Hwi'* "fr^lg 







AUTtWiATOR 
CURREJ1T TRAMSFORHCftt 



V!ki« 4«292 and 4,29S.~I>tagr8m of auiommiUs voltage r^wUator, using lln# dmp ooff||Mi* 
aatar* PorcadinaiyinstalktioDsthsoompensatmgwindingonthealtsriiatingcunmtoon 
iwagnst is connected to a current transfonner in the main feeder. A dial switch is provided bgr 
whidi the stxexigth of the alternating current control magnet can be varied and the teg* 
idator made to oompeneate for any desired line drop up to X5 per cent^ aacording to tha 
line requirenienta. Where the p ow er factor of the load has a wide range of veriatkm* a 
epefcial line drt^ compensator, such as idiown in fig. 4,293, adapted to the regulator wmdd 
he destrable. The connections are readily understood by the diagram. The number of 
eondenser sectaons which will prevent undue arcing at the relay oontaeta depends on the 
characteristics of the exciter. They may be roughly estimated by allowing one esctkai 
each 15 kw, capacity foe exciters with laminated podm, and one lor each 22 kw. capoetty lor 
esBdters with solid steel pdes. It is necessary tnouidi to have one mmdenssr eectloo Jsf 
each pair of relay contacts, and at times it becomes n ece s sar y in apply a doidde ssiliM 
loreimhpeirofosfitacta. In tim lower figum the line drop oompeosatm and 
ri^aoduced in moro detad on a 
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of a polyphase regulator armature are filled with the windings 
of the various phases symmetrically arranged, and the sec- 
ondary or series winding is similarly arranged on the inside 
circumference of the stationary core. 


The voltage induced in the 
secondary is due to the rotation 
of the flux produced by the com- 
bined action of the primaries. 
The voltages generate in the 
series windings of the various 
phases, are, therefore, of the 
same value and are constant for 
all positions of the armature. 


Fig* 4294--*Diagram of automatically controlled primary relay; fnmt view* Thia 

relay it connected through the compensator to the voltage transformer and is sensitive t# 
voltage changes of the outgoing feeder. Under normal conditiens the moving arm in the 
primary relay is horizontal. With a change in voltage the plunger in the relay coil moves up 
or down and closes either the left hand or right han4 set of contacts thereby causing the elec- 
Jtdcally operated secondary relay to close its contacts and start the operating motor in sudi 
diiectionastolowerorraise the voltage on the feeder as may be rcqum^ to correct the change 
and faring the voltage hack to normal. 

The variation in the line voltage produced by the regulator 
is due to a i^iase displacement as ^own graidiically in fig. 4,295. 

Because of tte rotation of a similar field produced by the currmt in 
series ocnls, the cunwits in the shunt "windings are constant, 
of the position of the armature, for a given line currmt, and the onrente 
in the riiunt win ding s are taken from the line or deU'^r^red back into the 
mswUem at armature is rotated from maximum boost to nuudinma 
towee in the relation as rc^vesentod by toe secondary votosgi 
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graerated. This condition is due to the £act that the current |q the aertee 
winding (the line current) determines the direction of the vokage in the 
series or secondary winding, \ 

With the anangement of the shunt windings necessary in thefpol3rpha8e 
regulator, the impedance of the apparatus is comparatively smap without 
the use of the short circuited coil required in the single phase machine, 
and the total ampere turns of the primary are always equal to the total 
ampere turns of the secondary. This accounts for the currents in the 
shunt winding being out of phase with those in the series coils in any oth^ 
than the maximum boost or lower positions. 



Fig, 4,295, — ^I>tagrani illustrating operation of polyphase induction regulator, in op^ratkm^ 
when the regulator is in the position of maxiimun boost, thelineAB, in the figure repreaenta 
the normal bus bar voltage, BC, the regulator voltage, and AC, the resultant feeder voitgia* 
When the regulator volta^ is displaced ISO degrees from this position, the regulator la In 
the position to deliver minimum voltage to the feeder, the r^ptlator voitafs being then 
sepmented by BD, and the resultant feeder voltage by AD. When the regulator voltaii 
is displaced angularly in the direction Bir, so that the resultant feeder voltage AF, become s 
equal to the normal bus bar ventage AB, the regulator is in the neutral portion. Inter* 
mediate resultant voltages for compensating the voltage variations in the leeders may be 
obtained, by rotating the moving element or primary in either direction from the neotnd 
portion. For mxantplm, by rotating the primary through the angle FBE, the r e sul t ant 
voltage may be made equal to A£, or AJ, thereby increasing the Iheder vmtageby wanMumt 
BJ; or by rotating it in the opposite direction throuah the ani^ FBC» the feeder wo fre js 
may be reduced 1^ an amount BH. 

Qaea. How is the ccmtrdl mpparstas MTsngedt 

Axis. Two relays are emi^oyed with each regulator, a pet* 
mary relay connected to the fe^er circuit aiKi operathig utider 
changes of vdtage therein, and a secondary relay connected 
between the primary relay and the motor, and operated by the 
contacts the fonner. for starting, stop{^ and reversing the 
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motor in accordance with changes in the feeder voltage, thereb]! 
causii^ the regulator to maintain that voltage at its predeter* 
mined normal value. 

Two relays are used because a primary relay, of sufficient 
accuracy and freedom from errors due to temperature and fre- 
quency variatioite, could not be made sufficiently powerful to 
carry die relatively large current required for operating themotor. 

Qnes. What names are given to the relays? 



Sta. 4,296,— Oooonl Qectric time phaae iaductiaQ voltace regulator. Ckm front ykiw 
•howlng operat^ mcctianliBia 

Ans. The primary or contact making volt meter, and the 
secondairy or relay switch. 

Qnes. Why does the movable contact arm of the primary 
relay toad to remain nearer one of the stationary contact 
points than the other? 

Am. This is due to the tendmicy of the relay to ^pen the 
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contact wiienever the voltage equals tliat at which the contact 
doses. 

Ones. Wlwt predrien is aade in priauury refaqr ts pre- 
vent vibration or chattoriaf? 

Am. Two auxiliary windings are provided: one in series 



fiM. 44W<— Oamnd ESactric co a aactkip (iiactwa for outdoor autamtie iaduetka imImii 
wn i d B O oii, ak«i*taK pratactiiM dovicaa. 

With each of the stationary omtact points and so analysed as 
to aaskt in making the omtact by iimreastng the pressuie on 
the Gcmtact pchits at the instant of closure. 

The Imt effect of the conqiouni&if aetton of the auziliwy coils is ob> 
tdubte when ananaed for per cent, of the tsretue ol the ashi cott. 
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OuMow Indnctioii Vdtage Regulators. — Iii scune generating 
stations the voUage is maintained constant at the bus bats and the 
line drop compensated by automatically operated regukdms con- 
nected in the main feeders. It is possible in this way to obtain 
constant voltage at all loads at the various distribution 
ters, that is, at those points on the feeders where the l^es of 
the majority of consumers are connected as shown in hg. 4,300. 




Fms. sad 4,d0l.^y8teins of distnbutkm iUustrstiag vm of outdoor to do ct te i *uollii9 

, fegulstors* 

It is evident, however, that, while the voltage at the center 
of distribution can be maintained constant, no account can 
be taken of the drop in the lines between this center and the 
consumers. This drop is generally n^^U^le, excc^ in some 
particularly long lines, as, forezami^,oon8umerB, in fig. 4,300, 
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In (xrder to obtain perfect regulation at B, it would be neces- 
sary to install a separate regulator in that Une, this regulator 
to be installed either at the center C, or preferably at B, 


In a great many cases the power distribution is not as ideal as in dicated 
in fig. 4300 , but rather as shown in fig. 4,301, that is, the oonsumers 
are connected all along the feeder. In this case there is no definite center 
of disMbution, and the automatic r^;u]ator installed in the station can 
be adjusted to give only approximately constant vcdtage at an imaginary 
center of distribution C; that is, the voltage caimot be held at 

any definite point during changes of load distribution. 


The majority of the ccmsumers 



may, however, obtain sufiidently good 
voltage while a few may have 
reason for criticism. To over- 
come this difficulty it is neces- 
sary dther to increase the 
coppff in the feeder or (to 
to install small automatic 
regulators. 

There are also cases where a 
small amount of power is trans- 
mitted a long distance through 
a feed^ direct firom the station. 

The outdoor type regu- 
lator is shown in fig. 4,302. 

Load Ratio C<»itr(d. — 

This system permits chang* 
ing the voltage ratio of a 
tran^ormer without inkr-^ 
rupting the load. Load ratio 
control equipment can be 
applied to practically all 


Haetrie rt nult ptaM mpnifttk ittdoctidfi arranged lor ont* 
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Tccuktion problems, above a pcnnt where it is not ecdioinical 
to use induction regulators. There is no definite upper limit to 
its application either of km. voltage or current thoui^ m some 
cases it is necessary to me series transformers and son^times 
eadting transformers to get within the vcdtage or 
Umitatioias of tise apparatus. 

This method oi control involves the ust of two 
koal eireuHs arable of omrying the load siimdr 
Umoomly, This pmnits picking up the load on 
ratio before it is drc^iped from another. 



Otnriouily cairyiac a load umultaneoudy on two tap 
aanaaetaeos would involve a destructive short circuit 
b e t was B those taps unless a suitable impedance was 
a^roduoed to liniit the exchange current. 



All types of load ratio control include such 
an inqiedanoe, usually oonsisting of leakage 


1 1 ii 



4,308 and 4404.«--CteenaEaectrkiiiii^|ilMP»«i»4tlmi4^ 
ritk> cootfot regulator. They operate by meane of an eeeenirie io that a UeniBa 
an the ahaft, a heavy preeeure is placed on the oootacu as they *%i|is'* iaiojKMitite* Ite 
cylindrical contact bars, to which tne tap leads are bolted, aie insulated Cram each ether 
b^ GMtoiite tubes inierted in molded compound heads. 

' reactance between special windings on the transfomier core or 
a separate iron cxxce reactor. 

Earlkr tap changing devices utilised the preventive reactor to tiSiil 
addfoonal ratioB between tape by t^ietating oosthuioiidy on two tam 
trith the reactor btidgiac them. 


A. C, Voltage Regufators 


2,461 


Later devdcqnnent of load ratio oontn^ equipment advanced the schcaM 
of opemtkm so that an actual tap oocdd be used for each ratio and Ite 
prevmtivoioactor short dmdtedeacqptdurii^ a ratio change. TheMacter 
is mdy one half the size required by previous method and is in sstice 
or paralld idth the load only for the two or three seconds required for 
the oper a tion of the mec h a m a m . The ratio steps are always unifona re» 
fardlese of the load and the no load'kas is a minimum and the saaae an 
all ratios. 
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The driving mechanism consists of: 
1. D.c. motor. 

2; Brake. 

3. Relay switch. 

4. Limit switdi. 

5. Position indicator. 



4t309.--<;enml EtoetHc aini^ phase oootactor jfor load ratio control iifitlatiQr. Use 
taro cam operated contactors are aeeembled as a unit on a heavy sceel i^te which is bolted 
with an oU tight joint to the side of the transformer tank* and are enclosed in an oil boa 
provided with a suitable breather. The contactor elements are mounted directly on porce* 
lain entrance busings which project into the transformer tank. They are deigned with 
current carrying contacts and with arcing tips to which deterioration from operation Is 
oonhneda 

6. Suitable gears for driving the main operating shaft and a 
drum controller mounted on that shaft. 

The mechanism is controlled by means of a push pull switch 
mounted on the station switchbc^. Onc^ started the motor 
rdky switch is sealed magnetically until a change of cmest^ 
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in ratio » completed when it stops the motor. At^omatk 
oontrdl is provided when necessary if the service reqt^ it. 

To imficate the tap poiition of the tiansformer there is a dial liidicMor 
BMiunted on the medianism and a dial switch which operates lamp 
indicator furnidied for mounting on the switchboard. The motor relay 
switch is standard oquipment ua^ for the csontn^ of machine toed inoton. 

The magnotic brake is mounted on the motor diaft and is ooimected 
in p n ra l i el with the motor field . The limtt switch that stops the aeotor 



#to. 4410. C l — si m. , ~ — — , . . , _ . . 

T— ■fcir far ntk> oaatral ngulatar. The iatamittent sear m dMismn to ortiw Ww 

ratio adiueter mp to epead gradMaUy before the teeth thwi permitt ins * »» eq y MW 
to operate witiKNit madianicat riiock. On any ratio, the mu^t^t ay ^ 

ratio adiratera to their eorrect peeitioae. and afaw lodce each adjaeter dnnra.theoperatiwi 
of the other. There to a eoitable aairaewi joint between the seanns and the 


shen the mechauusm has reached either luniting tap pMtim ie e iiw i h w * 
to the equipment used on induction regulators. Provision is m o de for 
e m ergency manual cqieration. 

There is a dutch to rdeaee the motor and a spring buffered tnedia n k tf 
stop at each limiting posttiem. 
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Auxiliary contacts are pt>vided on the dial switch and energise a red 
l^t on the switchboard indicator during the operation of the 

A delay relay is conne^ in parallel with the red lii^t fw use with a noise 

alarm. Thus, in addition to th« red light giving a visual wamiag there 
is also an audits wamii^ which is iHought irjto play by the action of the 
delay relay should the operating mechanism fail to aanj^ete the tap rhangf 
and tove the iveventive reactca- in the circuit. This visual and 
wammg advises the station operate that the mechanism has not oem* 
pieted its cycle and permits it to be comideted manually. 

If for any reason the statkm operator be not available to complete the 
operating cycle manually, no hs^ weeld be done since the preventive 
reactCH: is designed to carry full load currant cont inu o usly. 



Pm. 4,3lt.— Gaamd Blsetric time phaw eontactor far load ratio onotiol Nsuiatar. 


Voltege Regi^tioB of Alternators. — ^The necessity for volt- 
ftse r^ulation of alternators was recc^;nizedi coincidentally 
■with the operation of the first Edison bipolar dynamos. The 
bads, however, were relatively small and feeder net works 
Were not required, so that voltage regulation was imally ob- 
tadi^ by manually operating the dynamo field rheostats and 


fgulators 
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the control was further simplified by the practice of supplying 
eadi feeder with a separate dynamo. To meet the increasing 
demand for energy, the size of dynamo and the length and 
number of feeders had to be so greatly increased that im- 
provements in the methods of controlling the voltage became 
imperative. 

Furthermore, as the loads became more diversified, elimina- 
tion of the personal element in the control of voltage was made 
necessary. Automatic solenoid operated rheostats, as well 
as other devices based on this principle, w«:e 
developed to meet this demand, but the prob- 
lem was not solved tmtil the automatic voltage 
■regulator was introduced. 

The alternating voltage is regulated indirectly by 
opening and closing rapidly a shtmt circuit across tl» 
exciter rheostat, thus varying the exciter voltage in 
order to maintain the desit^ alternating voltage. In 
order that the simplicity of this regulator may be under- 
stood, it should be borne in mind that the regulatm’ 
consists mainly of two parts, a d.c. control syst^, and 
an a.c, control system. 

The former is simply a d.c. r^:ulator having a m ai n 
control magnet and relay magnet connected across the 
exciter mains, the contact of the relay being arranged 
to shimt the exciter field rheostat. This operatioQ 
maintains not a constant but a varjmg exciter vcdtage, 
the value varying in accordance with the demands of 
the ax. control magnet which is connected to the alter- 
nating bus, the latter magnet being considered as the 
a.c. portion of the regulator. It will be evident from 
the description under the illustration that the exciter 

Vto. 4,316.— Lamp indicator for General Electric load ratio contn^ regulator. 

vodtage is controlled by the rapid opening and closing of the relay contacts. 

The value of the voltage depends upon the position of the a.c. magnet 
owe and lever arm, which in turn is dependent upon the value of the 
alternating vdtage being held. At any constant Ic^, speed and power 
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In case the load drop on the o.c. alternator, the reverse action takes 
and the regulator m a int a ins a lower exdter voltage, in order to give the 
oonect a.c. voltage. 




HA1H COHTACTS 

a/ 


Compensating 
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¥iq, 4#3aS.~-llifacntnnr cocrnttctioBs of Gcnarol HI t ctn c autonaatic alternator ¥oltaie ne- 
alaior. TIm d iag ram whomn tht dx, eontttd mtgpmt connected aorofw the eadicr Ihw and 
pmddad whfti twooocee» the lower being a haed etopcoiie, the ui^r a movable core attached 
to a iiNolad lever at the oofMMite end of wiadi la aMMmted a deaible contact. The pnR 
of.'1hO''’iaaiiMtt;ie.atiow«i o^pound by one eiariag^ hut in practice there are actually tour epringi 
in UMdUlile that Rkic up at dhCerent eadter voitagei. A differentiPUy wouad relay maanet 
li aliOOlMnra c on n ected to the eaeitor biie» one wiaduig being permenently connected to 
the ImCs artihe the other it arranged to be ofnned and okned by the floating main oontacte. 
tim xelhy hoe pioeicd armafcurae to which there ie a eprmg attached to opfMoe the poll ol 
the amnaet. The eontaett are oonnacted aorom the eiciter held rheoetate. Condeaaeii 
ace oenaected aerate the contact pahitt to prevent deehruettve aremg. The voltige winding 
of the 0 x, oontrU magnet it ehown oonnnetod acroet the generator but throogh a voltage 
trantformer, while the oppetmg or co mp entating winding ie ehown ccmnected to a cunant 
traf^ormer in the feeder circuit. Thie aaagnet it of the ordinary aolenoid type, having a 
laadnated iron eora which it attractad upward by the magnetising force, llie core is at- 
tached to a pivoted tevel, at the r^nweite end df which a counterweight it supported to 
SMMtt in bringing the lever and core to a pomt of equilibrium, and on the tame end of thk 
lever it shown the lower main contact which, in oombinatioii with the upper main oootact, 
produces what are loiown at the floating main contacts. 


NOTE . — JFraciiemUtf all f he nusthodg employed for regulating the voltage of dynamoa 
and circuits, are applicable to alternators and alternating current circuits. For exmm^lr, in 
order that they shall autoroatkally maintain a conttant or rising vottage with increase ol 
load, alternators are provided with composite winding similar to the compound winding of 
dynamos, but since the alternatiiig current cannot be used directly for exciting the held vmg- 
neta, an acceseonr apparatus is lequiied to rectify it or change it into direct current before it 
is ueed lor that purpose. It is a fact, horever, that composite wound alternaiorm do not leg- 
idate properly for inductive aa well aa non-inductive 
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When two or more exciters are required to furnish excitation ^ alter- 
nators, they may be connected in parallel or they may be controllH indi- 
vidually by standard regulators. Parallel operation of exciters i^vides 
for nearer uniform control and prevents losses in the alternators, pue to 
circulating currents. When conations are such as to make it impr^rtical, 
to parallel the exciters, standard regulators may be used without change, 
and dose voltage regulation will be obtained. \ 



Fig. 4,323.-“Diagram of conxiectioiis of General Electric contact making ammeter for op* 
erating on alternating current circuits. The instrument is designed to indicate with the aid 
of a current transformer, certain values of current in an alternating current system. This 
value depends upon the setting of the regulating rheostat in parallel with the pressure coil 
of the ammeter. It is also possible with this instrument, together with the necessary con- 
trol apparatus, to hold certain values of current. By ming a ditferent magnet coH 
this meter may be connected to a shunt instead of a current transformer and used on i 
direct current system. 


If the exdters be operated in parallel they may be of different ^padties 
and design, or driven by various sources of power, and the drcidating 
currents resulting from variations in speed or design will merely affed 
the exdters, slightly lowering their efficiency. On the other hand, if they 
be not connected in parallel, the disturbances will be carried throu^ to 
the alternators and the effidency of the system will be aff^ed more seri- 
ously. When a single regulator is used, frequent hand adixistment of the 
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cxdter field rheostats may be necessary in order to reduce the circulating 
current to the minimum. 

Furthermore, the regulator will have to be provided with at least one 
relay for each exciter, although the exciter capacities may be such that 
one relay would be sufficient for the control of the exciters if they were 
connect^ in parallel. The disadvantages of this arrangement can be 
overcome very readily by installing a regulator for each exciter and oper- 
ating the regiilators in parallel. Not only can the circulating currents 
between the alternators be eliminated, but greater flexibility of control 
and higher operating efficiency will be attained. 
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Fro* 4,324.— General Electric connection diagram for two alternator voltage regulate op^ 
erating in parallel. Xhe a.c. magnet has a voltage winding and a compensating winding. 
The compensating winding is connected to a current transformer in the line opposite to the 
two Unea to which the voltage transformer is connected. When the power factor is unity 
and the load current is properly balanced between the different machines, the field produced 
by current coil is 90*^ out of phase with the field produced by the voltage coil, and has 
an extremely alight effect. Should the power factor tend to shift from one alternator to 
the other, the regulator will be at otwe affected and will raise or lower the alternator excita* 
tkm aa required to elimitmts the circulating current, since the latter is 90® out of phase 
with the load current, and therefore in fffiase with but direcUy opposed to the field of the 
voltaga coil, tliereby changing the pull of the voltage winding until balanced conditions 
been restored. It should be noted that "out of phase" current transformera will be 
leqtuired for all of the regulators operating in parallel. Should it be necessary to compco- 
sate for line drop, additional current transformers and line drop compensators are required. 
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iP^allel Operation of Altematw Vdtage Regiilator8.-|-ThiB 
method has become quite popular in a great many installa- 
tions where it is desired to operate alternates with direct 
connected exciters and use a separate regulator for each equip- 
ment, permitting the control of eadi set as an individual unit. 
In ccmsidering the application of such a system of regula- 
tion to a number of alternators in a staticm, it ^lould be 


BUS BARS 



4,325.--G«a«nil Electnc comwctioii dmgmm ol regulator with one arraoienieiit oi twn 
aneilire in ^nralM in oonjuncikm with etorage battery and booster. The regulat^ oontaeta 
m rmmtr t ir d acrom the resietaiioe R3, which is ooneiderably greater than reeietance HI 
The Rl» mittiinrrT ie alao greater than that of R2. For gxampla. should R3» be ^lort 
dreoitad by the regulator, the reeisUiice HI, being greater than R2, cauaes the current to 
iowlnthedirectiontobooat the voltage. ShouM the contacts lesnain open, reaia^^ 
li kMMrtad; the sum of HS and R2, k greater than HI, and the current in the booa^ held 
iaire in the reverse direction, oauMng the booster to bock the enciter vottage. Th^cyds 
nl operation ia repeated very rapidly, thereby maintaining a c^etant vottage on the 

The booster for thie system roust have a current capacity equal to the cpunbinad 
eoROit* raquirad by the main altenwtar fidda, and cwn be fundaM for almoat ray range 
of boo ^ or buck which may be demanded. This system is partacularly adapted to large 
plants where a storage battery is used as an emergency device to taka care of dm 
shot^ anything happen to the exciters. It will be noted that no eummt treno* 
fanner or line drop compensator is shown In the diagratn, but oompensetioii for nne 

may he acoonipiiihed with thk system of regulation in the tame manner as with any stenoard 

voltage regulator hr ptasang a c ur re n t transformer or a line drop compensator in tbs main 
hihting Isidtr^ 

^•Nggi^pwmpagg 
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remembered that the change in excitation of any one of the 
alternators does not affect the bus voltage appreciably. The 
thief effect is to change the current supplied by that madhdne. 

Increasing the excitation will make it take more current and 
decreasing the excitation will make it take less current. 

To raise the station bus voltage it is necessary to increase the exdtatiaa 
for all machines. Division of load between the alternators depends (m 



4,326.^— <j«iieral Electric regulator for alternators having exciters of small capacities. 
Wlien two alternators operate in parallel and the exciters are also in parallel, one regul ator 
laay be need for the control of both exciters, provided the sum of the two field currents of 
the two exciters does not exceed the limit for which the relay is designed. The exciters 
may be either shunt or compound wound. 

the power supply to each alternator and is entirely independent of the 
excitation. Successful operation of regidators in parallel, therefore, de* 
peiids primarily on the control of the circulating current that may flow 
between two or more alternators or the proper division of the i^ctive 
currents in the system as a result of moment^ differences in excitation. 
The method followed far eliminatir^ such circulating currents is shown 
in fig. 4,325. 

Tariftfale Exdt^ Voltage System of Alternator Vdtage Reg- 
«fadi<ni.~-This system is particularly adapted to plants where 
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it is necessary to run motors and other station auxiliaiiies horn 
the exciter .bus. With the standard type of voltage regulator, 
the regulation of the alternator voltage is accompli^ed by 
varying the exciter voltage and it is, therefore, impossible to 
run station auxiliaries from the exciter bus, but with this sys- 
ten the exciter bus voltage is not disturbed. 

For example, the excitation on an ax. system, assuming 125 volt 
excitation, usually required a range of from 50 to 125 volts but with this 
system the exciter bus can remain constant at 125 volts, a booster bdng 



Fto. 4,327. — Diagram of connections for two General Electric automatic reguiatoca (verat> 
ingin parallel. 


inserted between the bus and the fields of the alternators which is capable 
of varying the exdtatimi to maintain the desired alternator voltage. 

The booster is sepiarately excited by a small d}mamo, which in turn 
has its field excited from the difference in voitage between a point on dther 
a resistance connected across the exciter bus, or if a storage battery be 
used, the middle tap from the battery, and a point of ^^uriable voltage on 
a aeries of three resistances connected across the exciter bus. as shown in 



A, C. Voltage Regulators 


2,475 


fig. 4,325, so that the booster can be exdted with either polarity, as re< 
quired. 

Voltage Regulation of Feeders. — ^The voltage of an alternator 
or number of alternators, as just explained, may be auto- 
matically maintained at normal for all conditions of load at 
the station bus or at any one center of distribution on the 
system, by means of an alternator voltage regulator. 
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WlMsre th^ are a number of feeders radiating from a sta- 
tkm this method of r^ulation, however, will not be satis- 
factory unless all of the feeders be laid out for negligible volt- 
age drc^, which generally is uneconomical. 

Usually the feeders are of diiferuit intervals, so that the voltage de« 
Hvered at the centers of the several feeders will vary widely. 


CORE or THE OflMC 



fto. 4.331. — ^Westinshouae operatinc motor for liiigle pluue inductioa voltage reguiatac 
tbowitig br«ke» etc. 


It is practically impossible, therefore, to raise or lower the 
ventage of the station bus so that the voltage at each load 
is proportionate to the demands at that center. 

In order to provide for satisfacUM'y regulation of the distributing sjrs- 
tem, it is essential that each feeder be considered as a unit. Hie system 
can be very simple and economical if care be exercised at the time 
the layout is made and many existing idants could probably tedum 
the distrilmting cost and improve thdr service by investigating their 
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feeding systems with the view toward making them more syi^etrical 
and of uniform regulation. % 

Recording volt meter charts taken at intervals at various i^ints on 
each feeder provide a means for detecting voltage irregularitiesi in the 
feeder, which, if not corrected, may become magnified and not only impair 
the service but appreciably affect the revenue. 

By providing a means for regulating the voltage of the indi- 
vidual feeders, economies may be effected in feeder installation 
costs by the selection of a smaller sized conductor for the 
initial installation or for extending existing feeders. 


RESISTOR, 

REACTOR 
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ViG. 4,332 .--Connection diagram of Westinghouse neutral line drop compensator. 


Furthermore, by maintaining normal voltage at the center of distribu* 
tion, it is often possible to increase the load on the feeders without making 
it necessary to reinforce or replace the existing lines. 

With slight modification, the various methods of feeder regulation em- 
ployed with direct current, may be applied to alternating currait distri. 
bution circuits. For instance, if a non-inductive resistance be introduced 
in any electric circuit, the consequent drop in voltage will be equal to the 
current multiplied by the resistance. Therefore, feeder regulation by 
means of rheostats is practically the same in the case of alternating current 
as in that of direct current. In the case of the former, however, the effect 
of self-induction may also be utilized to produce a drop in voltage. In 
practice, this is accomplished by the use of self-induction coils which are 
commonly known as reactance coils. 
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TEST QUESTIONS 


1. Why is voltage regulation importantl 

2. What is the advantage of close voltage regulationV 

3. Name two types of regulator. 

4. Of what does an induction regulator consist! 

5. Describe the operation of an induction regulator. 

6. What are the effects of revolving the primary coil from 

the neutral position first in one direction then in 
the other 1 

7. Name three methods of operating induction regu- 

lators ? 

8. What attachment is provided on a motor operated in- 

duction regulator 1 

9. Name six auxiliaries used with induction voltage 

regulator ? 

10. What is a line drop compensator! 

11. How do single and polyphase induction regulators 

differ! 

12. Describe the control apparatus used with polyphase 

induction regulators! 

13. What is the difference between a primary and a sec- 

ondary relay! 

14. What provision is made in the primary relay to pre- 

vent vibration or chattering! 

15. Why are outdoor voltage regulators necessary! 

16. Describe the load ratio type of voltage regulator! 

17. Describe the driving mechanism used with a load ratio 

regulator! 

18. Explain how the voltage of alternators is regulated. 
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19. Make a sketch showing elementary connection^ of an 

automatic alter ruxtor voltage regulator. 

20. What is a contact making ammeter used fori 

21. Draw a diagram of two alternator voltage regulators 

operating in parallel. 

22. Under what conditions is the parallel operation of 

alternator voltage regulators usedl 

23. Describe the variable exciter voltage system of alter^ 

nator voltage regulation. 

24. How is the voltage of feeders regulatedl 
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CHAPTER 80 

Rectifiers 

By definition a rectifier is a device used to change aliernaiing 
current into a uni-directional or pulsating current. 

Direct current, in spite of the many advantages of alternating 
current, has its own numerous and valuable characteristics and 
uses. Among these might be mentioned battery charging, tele- 
I^one and telegraph power units, trolley and other city railway 
lines, intenuban and main line railroads, rolling mills, specif 
drives requiring the facility of control made available only by 
the use of direct current, electro-chemical applications, etc. 

The generation ol d.c. power at ordinarily used voltages would be very 
uneconomical due to the small power involved for particular requiremojts. 
Furthermore, at the voltages at which it is at present generated and used, 
transmission of the d.c. power over long distances could be accomplished 
only with considerable losses. The only solution of this problem, there- 
fwe, is to generate alternating current, transmit it at high voltages to 
the site of its application, and there, convert it by the best means avail- 
able into the desired d.c. voltages. 

Hie various kinds of rectifiers may be classed as: 

1. Mechanical. 

2. Electro-magnetic. 

3. Electrolytic. 

4. Mercury vapor, or mercury arc. 

Mechanical Rectifiers. — By definition, a mechanical rectiBa 
is a fwm of commutator operating in synchronism with the 
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alternator and commutating or rectifying the negative i waves 
of the alternating current as shown graphically in figs. 4,3^ and 

4.335. The essential features of construction are shown in fig. 

4.336. 



ncs. 4,333 to 4,335.- -IHagrainB itowing alternating cunrento. and partial and cxMnplete tacti- 
ficatkm. 


One application of a medhanical rectifier is its use on a com- 
positely excited alternator as illustrated on page 1,609. 

Electro-Magnetic Rectifiers.— This type of rectifier con- 
sists essentially of a double contact rocker which rocks on a pivot 
{midway between the contacts), in synchronism with the frequency 
of the alternating current, so changing the connections at the in- 
stants of reversals of the alternating current that a direct curreni is 
obtain^. 
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Pko. 4,336«*— Mechanical rectifier. The rectite* consists of two castings M and S, with teedi 
which fit together as shown, being insulated so they do not come in contact with each other. 
Every alternate tooth, being of the same casting, is connected together, the same as thoili^ 
joined by a conducting wire. There are as many teeth as there are poles. The part M, of the 
rectifier is connected to one of the collector rings by P, and the part S to the other ring by G 









UMW 


VM. 4.337.>-CiiGandia*raii> ot Leidi efectro-nugnetic rectifier, railroad tvps. 







Wm. 4,33B. — Diacram of nwchaniail rectifier, in cMeoriflon, ax, is pamd tlnmih lilt 
eiectro-magnet wimfog. Aoocrdiiic to dkioctiofi of current a north polo or m oouth polo 
mmf bo oot up at the end oppoeite the iron bar. With the polarity oi eoft kon bar at in 
ynt diofram. it will bo attracted whenever the current through the olectro-fDafnet eett vap 
a eeuth polo; ropellod, whenever the eiectro-xnafnet polarity it reverted (with battwy 
otnnecled at thr^) wfaenevor the iron bar it repelled the cir^t for the battery k oo» 
pitted and current may flow. When the electro-ma^t reveriee in polarity ^ battery 
eimit k opened and no current can flow. A pulsating charging current k g^vaa, utefbl 
week being done during one alternation of one cycle only. 

above it will be readily seen tiiat to secure proper and satisfactory lesulta^ 

the vibratit^ part of the rectifier must at all times be exactly in step witib 

the alternations of the supply mains. 

The vibrating element may consist of 

1. A vibrating spring or rigidly supported reed, 

2. An armature pivoted at the center so as to vibrate over 
two small magnet coils. 

If a vibrating ^ring or rigidly supported reed be used for the 
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to one frequency, consequently a rectifier equipped with a (spring ar- 
mature does not readily respond to changes in frequency of thd altemat- 
ing current supply. \ 

Tlie Leich rectifier shown in the accompanying illu^ration, 


is given as an example of the pivoted armature type. 



Fig. 4,342. — Dia|i:ram of Premier Ampero electro-magnetic rectifier. Owing to the direct 
current in the magnetizing coils C and C^ one end of SB, will be permanently of north and 
the other of south polarity; and since the polarities of the poles £ and will alternate with 
the alternations of the transformer secondary current, SD, will rock rapidly on its pivots 
and contact will be made by turns with CS and CSMIie purpose of the condensers K and 
is to reduce the sparking at these points. When contact is made at CS, the direct cur« 
rent terminals T and T', are connected to the S, half of the secondary winding; and when 
contact is made at CS', they arc connected to the S'» half. Thus a rectified unidirectional 
current will flow from T and T', and it may !>e used to charge the bactery A', work a small 
motor or for various other purposes requiring direct current. When the rectifier is used for 
charging storage batteries, the separate cell A, may sometimes be dispensed with, the wind* 
ing C,C', being connected to one of the cells under charge. The rectifier is adjusted to suit 
the frequency of the supply circuit by altering the distance of the poles of E, and E', from 
the ends of the polarized armature SB; and also by changing the tension of SPrSP^ by l 
of the screw studs against which they bear. 
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In this rectifier, the contacting part is suspended from the armature 
similar to a clock pendulum. Due to the fact that the armature swings 
free on its supporting shaft, it can follow the reversal or alternations of 
the current supply even if there be considerable variation in the frequency. 

Electrolytic Rectifiers. — If two metals be placed in an elec- 
trolyte and then subjected to a definite difference of pressure, 
they will (under certain conditions) offer greater resistance to the 


O^ C.CIWCUIT 



FtGS. 4,343 and 4,344 . — Mohawk electrolytic rectifier. To put in commission, dean out the jar. 
Fill with distilled or ram water. Add six pounds of electro-salts, stir and after all salts are 
dissolved place the cover in position. The specific gjavity of the solution should be 1.125. 
The middle iron electrode must hang straight down in the solution and not touch either of 
the other aluminum alloy electrodes. The aluminum alloy electrodes are mounted on an in- 
sulated bracket that slides up and down on a rod. This rod screws in the hole taped in 
the middle of the cover. The electrodes give the best results only when perfectly smooth. 
Should they get rough, covered with a deposit or a white coating, remove from the solution 
and clean with fine sand paper. Finish with fine sand paper. Form the him again and the 
electrodes will be as good as new. Clean iron electrode occasionally. 


passage of a current in one direction, than in the other direction. 
On account of this so called valve effect, electrolytic rectifiers 
are sometimes called “valves.” 

Alumintim is extensively used for the cathode and lead or polished sted 
for the other electrode. Metals of low atomic weight exhibit the valve 
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Fig. 4,345/'— Mohawk electrolytic rectifier and ewitchboerd; diagram allowing oomectiaiii 
lor charging ttorage battery. Opmruting immiructlom: After aaaemtding battery at in lit* 
4^3, the Aim must be formed on the aluminmn alloy electrodes ao that the reettfier ww 
PiM current only in the right direction. Open switch B, doae switch T, to the tight; dischttge 
lever can be in any position; dhargtng ngitlator lever must be to the eilrenie left, the anro 
p aa iti a n ; now doae main switde hi Move natuhitor lever E, from the sero poeUicii to tho 
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Fm. 4,346 and 4,347 .-**Tfro views of Nodon valve. This is an electrolyse rectifier in vrhidi 
tlie cathode is a rod ctf aluminum alloy held centrally in a leaden vessel which forms the anode 
and contains the ekctroiy te, a concentrated solution of ammonium phoaphate. Only a ahoit 
portion at the lower end of the cathode is utilised, the rest, which is rather sttialier in diameter, 
being protected from action by an enclosing glass sleeve . The current doisSty at the cathode 
langes from 5 to 10 amp. per sq. dm. In the larger sixes, the cells are made double, and a cur* 
lent of air is kept circulating between the walls by means of a motor driven to. In order to 
iitUiae both halves of the su^y wave , the Grata method of connection Is adopted. The maxi* 
aoum efficiency is obtained at about 140 volts, and the efficiency lies between 65 and 75 par 
coit., and is practically independent of the frequency between the limits of 25 and 200. 
Above a pressure of 140 vofts, the efficiency falls off very rapidly, owing to breakdown of to 
fibOi The pressure difference is high* being over 90 per cent, at ffill kiad* Temperature togeiy 
teffiienoes to aetkm of the valve, and should never exceed 122^ Pahr, 


Fm. 4,34$.-^ran conUmad^ 

firat button or contact, let k remain there for a time, not loss than to minutms to Is 
imparts, as the proper rectification of the curroit depends on the film' formed on to 
shimiiitimroda. The ammeter after the first rush of current may not show any cunent as pass* 
ing» or it may show a reverse current. In the latter case, leave the contact finger cm the first 
button until the needle comes back to xero. This may take some time, but the needle wilt 
eventually come back; it also indicates that the film is properly formed when the needle le- 
tumsto xero. Move regulator R, to the extreme right step by step and note that the^ammeter 
continues to retu,!! to xero, wUch indicates that the film on rectifier electrodes is fanned 
ptop&ffy. Move regulator R, to sera, close switch T, to the left in nonnal charging position. 
Oom charging switch B. To regulate the flow of current through the battery move charging 
lever R, lo the riidit towly until ammeter indicates the correct charging current. After to bat* 
esrias are charged and ready for use, discharge lever can be moved to connect either set of 
storage Imtterto to to kto tenninal. The voltage of the batteries can be read at any tirne, by 
pressing the strap key. Ihe discharge lever connects the batteries to the volt meter and it Is 
ptoibie by moving it to measure the voltage of either set of battery, charging or discharging* 
Ttoible in the rectifier demonstrates itself by the solution beconto heated* The condito 
Uf the rectifier can be tested any time in a few seconds by (Honing switch B, and dosing iwttcii 
T, to the bright. If the rectifier be in proper condition the ammeter will read xero . And if it be 
to metify^ and permitting A.C. current to flow through the rectifier, the anuneter wilt teed 
itotive or m to teft of to aero. An ofo sofoto tot is heating and to reetkyto toPffitr 

wfll bun a reddish brown oefior. 
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eBect at high differences of pressure, and heavier metals at low differences 
of pressure. 

i 

■f 

Illustrating the development of electrolytic rectifiers| the fol- 
lowing valves are given as typical examples: \ 

Nodon Valve . — In this valve the cathode is of aluminum or aluminum 
alloy, and the other electrode, which has considef^bly more scrfoce, is 
the containing vessel. The electrolyte is a neutral solution of ainmonia 
phosphate. 



nc. 4348. — OKiHogniph record from Nodon valve ahowtng oriEinal supfdjr vtataee and tbo 
cormpooding puliimttng current at the terminalfl of such a valve. 


Its action is due to the formation of a Aim of ncamal hydroxide of 
aluminum, over the surfoce of the aluminum electrode. This film presents 
a very high resistance to the current when flowing in one directi<m but 
very little resistance, when flowing in the reverse directi<»i. 

When a Nodon cell is supplied with alternating current the first ^ect 
is that hs^ of the wave will be suppressed and an intermittently pulsating 
current will result as shown in fig. 4,348. 

Both ludves of the a.c. waves may be utilized by coupling a seiieB of 
cells in opposed pairs. 

The eflOdency of the film depends upon the temperature. 
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It should not for maximum efficiency exceed 86 degrees Fahr. There 
is also a certain critical voltage above which the film breaks down locally, 
giving rise to a luminous and somewhat disruptive discharge accompaniM 
by a rapid rise of temperature and fall in efficiency. 

When an electrol 3 rtic rectifier is not in use for some time, the electrodes 
will lose the film. In such cases the electrodes must be reformed. The 
loss of film may be prevents! by removing the electrodes from the elec^ 
trolyte and drying toem. Water must be added from time to time to 



Fio. 4,349. — ^The Fteming oscjllation valve. It depends for its action on the well-known Bdlaon 
effect in glow lamps. The valve consists o! a carbon filament glow lamp with a simple central 
iiotaeslioe fUament. Around this filament inside the exhausted bulb is fixed a small cylinder of 
nkkel, which is connected by means of a i^tinum wire sealed through the bulb to a third ter- 
minal. Th0 tfalve is used os foitoum: The carbon hop is mode incandescent by a suiiabie battery. 
The circuit in which the osciUatiom me to be detected is joined in series with a sensitiee mirror 
gatsanometer^ the nickei cylinder terminal and the negative terminal of the filament of the vateo 
Mfcg used. The galvanometer will then be traversed by a series of rapid discharges all in the 
tame direction, those in the opposite direction being entirely suppressed. 


make up for evaporation. This is necessary to keep the solution at the prewar 
density. 

Exoesuve heating of the solution with nonnal load indicates that the 
teedfierneeds recharging. 
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A rectifier u passing alternating current when it heats, and when it 
gives a buzzing sound in the case of very weak solution. Weakjdectndyte 
wfll eat away the electrodes. I 

, The Audion Valve , — This valve was invented by DeF<»eei in 1900 
and is practically idoitical with the Fleming oscillation valve, |be latter 
being illustrated in fig. 4,349. 

Grieeon Valve . — In this valve the cathode is a sheet of ali^minum. 



Fie. 4,3S0.— -The Churcher valve. This is of the modified Nodon type. It from the laMir 

fn that it has two cathodes of aluminum and an anode of lead or platinum, suspended in ttie 
etie ced. This permits the complete utilization of both halves of the supply wave with one 
cell of Ihe ibur required in tlie Gratzmethod . The connections of such a cell are showii 

in the figure. The secondary of the transformer carries a central Upping, and is connected 
thioogh the direct current load to the central anode, while each of the cathodes is ccmnecled 
tm the ordinary terminals of the transformer itself. Ilw practical limits of the cell are SO voHa 
direct current, or 130 volts at the transformer termUals AB, P, is the anode; C, cathode I; 
D. cathode 11. 

and the anode, a sheet of lead, supported, in the original form, hori^ 
zontally in a vessel containing the electrolyte, consistiruE of asolutitm 
of sodium carbonate. Cooling is effected by circulating water tJnoui^ 
metal tubes in the electrolyte itself. 

Pawloumki Valve.— Tim is an dectrolytic valve emidoying a Mdid 
electrolyte. It ccmsists of a copper i^te which has been coated with t 
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crystalline layer of carefully prepared copper hemisulphide^ prepared by 
melting sulphur and copper together out of contact with air. The pre- 
pared {date is placed in contact with an aluminum sheet and the com- 
bination is then farmed by submitting it to an alternating pressure uirtfi 
sparking, which at first occurs, ceases. 



Fios. 4*351 and 4,352. — ^The De Faria valve. This is an aluminum lead rectiSer. The cathode is 
a hollow cylinder of aluminum placed concentrically in a larger cylinder lead, and the whole 
hamemed in electrolyte of eodium phosphate in an ebordte containing vessel. Cooling h ef- 
fected by promoting automatic circulation of the electrolyte by providing the lead cylinder 
with holes near its extremities; the heated electrolyte then rises in the lead cylinder, p am m 
out at the upper h<^es, is cooled by contact with the walls of the containing vessel, de* 
seeads outside the lead cylinder. It is claimed that this cooling action is sufiBkdent to allow of 
a current density of 8 amp. per sq. dm. of aluminum . 


Buttner VtUve » — It is of the Nodon type employing a cathode of 
nagnesium-aiununiim alloy, and probably iron or lead as an anode, with 
an electrolyte of ammonium borate. Buttner claims that the borate is 
superior to the phosptote in that it does not attack iron, and will keep 
in good working condition fca* longer periods. 

Afminry Vapor or Arc Rectiflora. — ^The terms vapor cr are 
applied to rectifiers do not indicate a diffasnt prindiAe; the 
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Westinghouse Company employ the former term and the 
General Electric Company the latter as a distinguishing title or 
trade mark. \ 

The Westinghouse or Cooper-Hewitt rectifier is illustrated in 
fig. 4,353. 

This rectifier as developed by Peter Cooper Hewitf for changing alter- 
nating current into direct current is the result of a series of careful ex- 
periments and investigations of the action goiitg on in his mercury vapor 
lamp for electric lighting used on direct current circuits only. 



Fto, 4^353. — Cooper Hewitt Mercury vapor rectifier. 


The difficulty of operating a lamp on the alternating current circuit lie* 
in the feet that while a current will flow freely through it in one direc- 
tion, when the current reverses the negative electrode or cathode acts as 
an dectric valve and stops the current, thus breaking the circuit and 
putting out the light. By fdlowing lyj this new electrical action, Hewitt 
lyjidied the principle in the construction of a vacuum tube with suitable 
dwtrodes, and by using two electrodes of iron or graphite for the positive 
or incomii^ ciurent aM ot» of morcury for the native or where the 
current leaves the tube, the dreuits could be arranged so that a direct 
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current would flow from the morury dectrode and be used for dtarging 
storage batteries, dectrO'Ohemical wcnrk <x cqierating direct current flame 
arc lamps. 

As shown in the figure, the rectifier eonaieta eaaentUMy of a glasa 
bulb into which are sealed two iron or graphite anodes and one mercury cathode, 
and a small starting electrode. The bulb is filled with merciuy vapor under 
low inassure. The action of this device depends on the pro^ty of ionieed 
mercury vapor of conducting electricity in one direction only. 
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Pic. 4,354. — ^Thne r**— 4* mercury arc rectifier. The rectifier bulb is provided vdUi three poei> 
tive etectrodee or aMdee. a negative electtode oc cathode, and a etarting anode, ae ehown. 
The three pliaae leadaan oennected to the anodea at the top of the bulb, a btancb from one 
phaae being broudit down to the etarting anode, a r eei et anoe being placed in the drcuit to 

prevent eaoeadve current on account of the proximity of the two lower electrodea. Snce there 

is always a preaeure on one of the three anodes in the right directioo, a r eactance coil is not 
neceasary. The apparatus is started in the usual sray by tilting. 


In operation no current will flow until the starting or native dec* 
trode resistance has been overcome by the ioniaation of the vaiwr in its 
neighborhood. To accomplish this, the voltage is raised suffidently to 
cause the cumait to jump the gap between the mercury cathode and the 
starting cathode, or by bringing tlm cathode and starting dectrode ^ 
getho* in the vapor by tilting and then separating them, thus drawing 
oiit the arc. When tl^ has been done, current will only ftow from the 
anode to the mercury cathode, and not in the reverse dinKtkm. 
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Pic. 4,355. — Westinghouae-Cooper Hewitt mercupr vapor rectifier bulb. It consku easentkllir 
ol a hermetically sealed glass bulb filled with highly attenuated vapor of mercury, and pn>«» 
vkled with electrodes. Its operation is fully explain^ in the accompanying text. 



Ptai« 4,356 to 4,359. — Diagram of current waves and Im pre ai ed p t e ss wr e of WestiSiglMaMI* 
Cooper Hewitt mercury vapor reaifier. The whole of the alternating cunent wave on Iwlli 
site of Owaeio line k used. The two lippercurms in the diagram 4liow the citmot waeoi 




Pig. 4,360, — ^Diagram of Batten type electro-magnetic rectifier, in conatruction and op* 
aration, the soft iron core of the relay is in two halves S' S' and the armature A, cairymg C* 
vibrates between their polar extremities. M, M' are two permanent magnets with their like 
poles together at the center C' where A is pivoted. Supposing these poles are north as indi* 
Gated, the extremities of A will be south. The south ends of M, M being in juxtaposition 
With the centers of the soft iron cores S', S' will render their extremities facing the ends of 
A of north polarity. The windings on S', S' are connected in series with each other, and 
in shunt with P across the main terminals T', T'. Then because of the polarisation of A 
and S', $', the former will vibrate rapidly in sympathy with the alternations of the current. K 
is a condenser shunted by a lamp resistance L *' . this being found to improve the working of R. 

1 Pio, 4,356 to 4,359 . — Ttxi contmu^x^. 

in each of the two positive electrodes, and the resultant curve 111 represents the rectified 
current flowing from the negative electrode. Curve IV shows the impressed alternating cur* 
tent piessuie. It is evident that if the part of the wave below the xero line were reversed, the 
lesulting current would be a pulsating direct current with each pulsation varying from aero 
to a positive maximum. Such a current could not be maintained by the rectifier, because as 
•oou as the aero value was reached the negative electrode resistance of the rectifier would be 
toestablhdbed and the circuit would be broken. To avoid this condition, reactance is intro* 
duced into the efiouit, which causes an elongation of current waves so that they overlap be* 
iors reaching the aero v^ue. The overlapping of the rec tifier current waves reduces theampli* 
tiida of pulsations and produces a comparatively smooth direct current as Shown incurve 
HI. In this way the whole of the alternate current is transformed to direct cunmt because 
eadiof the altetnaikatis in both direetkm la idternet^y rectified. 
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In order to maintain the action, a lag is produced in each wave by 
the use of a reactive or sustaining coil; hence the current i^ver reaches 
its zero value, otherwise the arc would have to be restarteq. 

There are two kind* of loaeea in the tube: 1, arcing, or 'teakage from 
one anode to the other, and 2, the mercu.y arc voltage drop. Thiq drop does 
not depend on the load, the energy represented by the drop beii^ converted 
into heat, which is dissipated at the surface of the containing vessel. 


^ ^ 



Fig. 4,361. — Elementary dtaRram of mercury arc connections. A. A., graphite anodes; 

B, mercury cathode; C, small starting electrode; D, battery comusetion; E and F, reactance 
coils; G and H, transformer terminals; J, battery. 


According to Steinmetz, the limit of voltage must be very high, as 
36,000 volts has been rectified. The (mrrent output is limited inindpally 
by the leading-in wires to the electrodes, it being a difficult problem to 
8^ into the glass container the large masses of metal required for the oon* 
duction of large ciurents. Frequency has but little inlluenoe. The direct 
current voltage ranges from 20 to 50 per cent, that of the arc supj^y. 
The life of the valve depmds smnewhat upon its size, bdng kmger ^ tte 
small sizes and never, with fair usage, less than 1,000 hours. 
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The construction and operation of the General Electric 
mercury arc rectifier is shown in fig. 4,361. 

The rectifier tube is an exhausted glass vessel in which are 
two graphite anodes A, A', and one mercury cathode B. The 
small starting electrode C, is connected to one side of the alter- 
nating circuit, through resistance; and by rocking the tube a 
slight arc is formed, which starts the operation of the rectifier 
tube. 
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Figs. 4362 ■to 4,364. — General Electric mercu^ arc rectifier outfit, or charging aet. The cut 
ahowa fnmt, rear, and side views of the rectifier, illustrating the arrangement on a panel of 
the rectifier tube with its connection and operating devices. 


At the instant the terminal H, of the supply transfcwmer is positive, the 
anode A, is then positive, and the arc is free to flow between A and B. 
Following the direction of the arrow still further, the current passes through 
the batte^ J, throtigh one>half of the main reactance coil E, and back to 
the nc^tive terminal G, of the transformer. 
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When the impressed voltage Mis below a value sufficient to naintain 
the arc against the reverse pressure of the arc and load, the ictance E, 
which heretofore has been charging, now discharges, the current 

bring in the same direction as formerly. This serves to main the arc 
in the rectifier tube until the pressure of the supply has throu|^ 

aero, reversed, and built up such a value as to cause the anode to have 
a sufficiently positive value to start the arc between it and the thode B. 



The discharge circuit of the reactance coil E, is now through the arc 
A'B, instead of through its former circuit. Consequently thearcA'B, is 
now supplied with current, partly from the transformer, and paMy ftxan 
the reactance coil E. The new circuit from the transformer is indicated 
by the arrows enclosed in circles. 

An arc rectifier outfit with its starting devices, etc., is i^bown 
in figs. 4,362 to 4,364. 
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To start the rectifier, dose in order named: line switch and circuit 
breaker; hold the starting switch in opposite podtion frt»n normal; zodc 
the tube gently by rectifier shaka:. Whoi the tube starts, as dtown by 
greenish blue light, release starting switch and see that it goes back to 
nmmal position. 

Adjust the charg^ current by means of fine regulation switch the 
left; or, if not suffident, by one button of coarse r^;ulation switdi on the 
right* The regulating switch may have to be adjusted occasionally during 
charge, if it be desired to maintain charging amperes approximately ooo* 
stant. 

In the operation of a mercury arc rectifier a reverse pressure of ap> 
proximately 14 volts is produced, which remains nearly constant through 
changes of load, frequency, and voltage. Its effect is to decrease the 
commercial effidency slightly on light loads. 

Mercury Arc Power Rectifier. — For economic reasons 
tion and transmission to converting sub-stations at high a.c. 
voltages is essential. Conversion from alternating to direct cur> 
current, by rotary converters possesses the inherent dis- 
advantages of rotating machinery and the object of the power 
rectifier is to eliminate these disadvantages, and thereby to pro- 
vide a plant that can be compared in simplicity to the ordinary 
static transformer. 

Much information op mercury arc phenomena was published duxi&g the 
period 1892-1911, referring, however, only to the mercury arc in (du* 
bulbs, while the dieory of single phase rectification vraa especially treated 
by Stdnmetz and Cooper Hewitt. The latter constructed the first rectifier 
of a practical design, which was received with much interest for a time, 
espec^y in this country. 

Steinmetz even .gave a theoretical treatment of the two phase rectifier, 
and discussed the internal phenomena with the hdp of os^ograms. 

After a comparatively long period of inactivity, this prdUem of rectffica- 
tkm by meaxa of the mercury arc valve was again taken up. but this time 
in Europe. The large power rectifier was to a great extent made possible 

NOTS.— 4rn iMtallih# a K tbould be placed in a dry room and care aboiiid to 

laton to anmid dangfinr wtoa near the tube to prevent puncturing. If tte apparatna to iaatalad 

to a roonof onitonn moderate tamgmrature very little trouble win to eapedenoed hi atarthsa 
while eatreaae cold will make toartim towe d i tB wd t . 
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by the construction of an ingenious seal for use with steel tanks. Up to 
this time only glass vessels could be made sufficiently air tight/ 

The mercury arc when operating in high vacua has th^ pecul- 
iar property of permitting the passage of a current an one 
direction only, as previously explained . 

In other words, the current is intercepted at each half period, the posi- 
tive half waves only passing between the two opposing electrodes. The 
arrangement thus constitutes an electric valve. An explanation for this 


■ Fig. 4,366. — Photograph of mercury arc. The anode is at 

the top and the cup at the bottom. The arc, as will be 
seen, is in the form of a halo spread evenly over the sur- 
face of the anode while, at the cathode, it centers in the 
**cathode spot . The intervening space is largely occupied 
by a spongy looking luminous column which extends down 
from the anode about three quarters of the way and then 
stops abruptly, leaving a dark space. 


valve action can be given by assuming that the cathode surface which k 
raised to a state of incandescence at the point where the arc strikes it 
(known as the "cathode spot") is conducting to electrons in both directions, 
while the cooler electrode, the anode, conducts only in one direction. 
From this it is seen that the valve action is almost entirely due to the anode. 

The arc takes the form of a luminous column spreading like a halo over 
the whole surface of the anode and centering in one spot at the cathode, 
as shown in fig. 4,366, tnis spot travels at high speed in irregular pa^ 
over the surface of the mercury. This rectifying effect is not ^ peculiar 
property of mercury but is simply due to the arrai^ietnent of two electrodes 
who-^y one (the cathode) is raised to a high temperature (about 3,000 
deg. C.) and the other (the anode) is maintained at a temperature (400 
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deg. C. to 600 deg. C.) below that at which the foraiation of cdectnnu 
is possible. 

In the rectifier, mercury is used because its vapor can be easily con- 
densed and led back to the cathode without loss. It has been shown that 
the arc deals only with the positive half of the alternating wave. To 
make the arrangement commercially possible, both halves must be utilized 
and this is obtained by connecting in the manner shown in fig. 4,367, 
which represents a single phase two anode rectifier with step down trans- 
former having a divided secondary, the mid point of which is brought out 
and forms the negative pole of the direct current system, the cathode 
forming the positive pole. The best results are obtained where the pri- 
mary supply is three phase. 





Ftc. 4,367. — Single phase two anode mercury arc rectifier and connections to utilise both halves 
of the a.c, wave. Considering first the positive hall wave, this induces a current in the left 
hiklf winding flowing toward anode Ai. During this half period the right half winding is in* 
active but at a pressure equivalent to that of the left half winding, only of opposite polarity. 
No current is flowing in this winding due to the valve action of the arc. As the wave passes 
through aero, the negative half comes into play in the right half winding, inducing a current 
flowing toward ano/.e Aj. The left half winding is now inactive but at an opposite pressuie 
equivalent to that of the other half. With each cycle this process is continued and both half 
waves are completely ulUiaed. As it requires only a cessation of the current for a very small 
IraetJOfi of a second to cool tlie catho^ spot sufficieD dy to extin^iih the arc, reactimoe is 
interted in the rectified circuit at L., thus prolonging the wave and preventing it dropping to 
■sro. By madcing the reactance large enough it is possible to so reduce the undulations in the 
ractifled wave that even a single phasn orimarv «iir>niv h* «^tisfactor»iv converted and 
commercially used. 



Fig. 4«368. Azx>ericai^ Bmrn 
Boveri mercury arc p^er rec- 
tifier. In operationp fhe arc 
works between the ' main 
anodes B« and the cathode; it 
has a well defined path wnich 
diminishes the risk of flashing 
over. At the point of contact 
of the arc with the inercuiy, a 
dense cloud of vapor is given 
off. The un-icmiied portion of 
this vapor rises between the 
anodes and finds its way into 
the condensing cylinder where 
a reduction in tempemture 
tokos place due to the water 
jacketing and it is re-con- 
densed and drops back in the 
form of globules into the col- 
lector H. From here it rune 
down the sloping troughs to 
the sides of the arc chamber 
and thence back to the cath- 
ode so that there is no loss and 
the mercury need never be re- 
plenished. For cooling pur- 
poses a small quantity of fairly 
good water is necessary, that 
usually obtainable from the 
city mains being suitable. It 
first passes through the cath- 
ode base, N, from there to the 
jacketing round the large cyl- 
inder and the anode plate by 
the connections O. after which 
it passes to the jacket siar« 
rounding the condensing cyl- 
inder and then out to waste 
or to a separate re-cooling sys- 
tem. 
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For the successful operation 
of the rectifier, high vacua are 
essential, the normal workii^ 
range being .01 to .001 mm. of 
mercury. The first problem 
therefore that had to be solved 
in the manufacture of the mer- 
cmy arc power rectifier was the 
production of large steel cylin- 
ders that would be at once ac- 
cessible and gas tight. The 
mercury seal was finally adopt- 
ed as giving the best results. 
Its construction is shown in 
fig. 4,369. 

A mercury arc power rec- 
tifier is shown in fig. 4,368. 


Fko. 4»369. — Mercury seal of American Brown Boveri mercury arc power rectifier, tt eoitalaf# 
of mercury and asbestos for the hotter portions and mercury and rubber for the cooler parts. 
Ibe tnercory is at A and the asbestos at B. As a sealmg: medium mercury has the advantage 
that should any ^ter inward it can only find its way to the cathode and will not interfere 
with the operation of the plant. 


The majfMT portion is the large welded steel cylinder K, in which the 
arc operates and above it is the narrower condensing cylinder C. These 
two cylinders are connected by the heavy anode plate D, while the lower 
portion of the arc diamber is closed in by the plate M, in the center of 
^ch the cathode is located. 

The condensing cylinder is closed at its tqp by a plate carrying the 
ignition cofl B. Tlie rectifier as a whole, is mounted on the insulators P, 
these in their turn b^ng carried on the foundation ring Q. There are dx 
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main anodes E, and two auxiliary anodes G, placed in a drde annind the 
anode plate. 



Fic, 4,370. — ^Two stage vacuum pump of American Brown Boveri mercury arc power rectider* 
It cofutUiM ofsL high vacuum mercury pump in aeries with a rotary oil immersed pump. The 
latter pump is direct coupled to a H A motor ancUs capable of creating a vacuum equsvm** 
lent to about .02 mm. of mercury, the final reduction to .001 mm. of mercury and below beinf 
<^>taiiied by means of the mercury pump. The pump has at its base in the chamber b, a pool 
of mercury which is heated by an electric heater located immediately below. In cgiemtlofi* 
the mermiry pump works on the injector principle* this action being produced by the vapom 
rising fi^om the boiling mercury arid in doing so sucking the air and gates down the pipe «« 
connected to the upper portion of the rectifier cylinder. The conical sectioo of the mercury 
pump is water jacketed so that* as the mixture of vapor and gas rises, the vapor is recondenssd 
and drops back into the pool at the bottom while the gas is drawn off by the rotary pampas 
Indicated by the arrows and then discharged to atmosphere. The rou^ pump has a WMh 
return valve d , which operates in the event of the pump shutting down and thus prevents the 
oil and air finding its way into the stationary pump and rscttfisr. 
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The atudliary anodes lerve to maintain the arc when the load dn^ 
to a very low level (about 40 amps). They may be said to constitute a 
single phase rectifier within a six phase one, bemuse they are ccamected 
externally with a small exciting transformer inroviding about H 
which keeps up the temperature of the cathode spot. 

The mid point of the exciting transformer is brought out as in the case 
of the main transformer and connected through a resistance and small 
reactance to the cathode — ^the former limits the current consumed while 


A.C. SUPPUV 



CATHODE 


Fto. 4,371 — ConnecUon diasnm for Amaican Brown Boveri aingle rectifier equipment. In 
optntkm. when the twain transformer is energised, the primary switch of the e^tatioo 
transfonner Tes, doses at the same time, thereby competing the circuit of the igrutkm oast 
1C. This brings down the ignition anode until it touches the mercury bath of the rectifier. The 
dr^t of coil 1C , is now opraed , d ue to the current passing down the rod to the ignition anode , 
wl^ eaiiMis the right hand contacts of relay R, to open. Tte ignition anode is now drawn 
up by 8 Qxing acting in opposition to coil IC, *uid at the point of rupture with the mercury 
an arc is started. As the two esdtation anodes Ex, are already. charged, an arc now sta^ 
from them to the cathode. The exdtatkm current strength being greatar than ^t of the 
ignitioa current the second part of relay R, operates and itt contacts are opened, thereby ex- 
QfC and leaving the rectifier ready to be loaded as reQuited. 
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the latter insures that the auxiliary arc will not drcq} to zero at eadi half 
period. 

The main anodes are screwed to the anode bolts whichl convey the 
current to them, the transformer connections are brought to lugs fitted 
to the upper i^ait of these bolts. Specially designed insulat^ separate 
the anodes from the anode plate. 

Mercury arc power rectifiers are made in various stti^es with 
ratings fix>m about 150 to 2,000 kw. at voltages up to about 
1,800 volts. For higher d.c. voltages up to 6,000 volts, the ctu:- 
rent ratings are somewhat reduced. 

For a rectifier layout in its simplest form there is only one important 
auxiliary provided, namely, the vacuum ptunp set, as shown in fig. 4,370. 



Fitnn what has already been said, it will be^ppredated that a high vacuum 
is ab^lutdiy essential to the satisfactory operation of the plant. 

For the ignition of the arc, alternating current is now emplo 3 ^ whkh 
has enabled the plant to be materially simplified. The diagram, fig. 4,371 
shows the ignition and excitation circuit. 

Argon Gas Bulb Rectifiers.— Instead of putting mercury in an 
mchausted glass bulb, argon gas may be i»ed. 
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Typical argon gas bulb rectifiers are these made by the 
Westinghouse Company and General Electric Company under 
the trade names “Rectigon” and “Tungar’' respectively. 

The Rectigon outfit consists essentially of a transfOTmer for converting 
the voltage to the prop^ value, and a bulb for rectify^. The bulb is 
a glass envdope, containing an anode and a cathode in the shape of a 
filment, surrounded by an atmosphere of pure argon. Leads to the anode 
and cathode are sealed through the glass walls of the bulbs. For con- 
venience of installation, the filament leads are connected to the terminals 
of a screw base. 



Fn. 4,373. — Fun vave KecUson achematic diagram of connections. 


'Whm alternating current voltage is applied to the transfmmer, the 
filament of the bifib is heated to incandescence by current from a special 
winding on the transformer. At incandescent temperature, the filammt 
emits dectrons which, by collision with the molecules of the gas, ionize 
tte gas and provide the means of current flow from the anode to the 


4r|foii This «aa foni» mthtt* less than one per i«t of the atiao»pl^ 

•not in the air was iirst indicated by the fact that a liter of nitiosen prepared tnm was found 
toiisei|^heavitarthtaiaUterof puapeidtrosen<^taiiiedinot^ ltcanbe<^Hatiiedby paas- 
tea'Slectric t p f uT ^ through ait in presence of caustic potash, and gradually adding oxygmi untH 
all tha nitrogen has been converted into potassium nitrite and nitrate* Atomic weight, 40* Has 
a chaiSMnaristic wctrum, a monatomic molecule. It appeam to be incaP^ of entcfing torn 
chemical oomhiiiatioa with any other element or compomid whatever* 
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cathode. Since the anode remains at a comparatively low temperatoie, 
current cannot flow in the reverse direction. j 

The voltage of the secondary of the transf(»mer is applied tp the load 
through the bulb and due to the valvelike action of the bulbi current is 
pennitted to flow in only one direction. \ 

\ 

The General Electric “Tiingar” rectifier is 
similar to the Rectigon . It consists essentially 
of one or two bulbs, a transformer and an 
enclosii^ case. 




Fxos. 4,374 and 4,375. — ^Westinghouse Rectigon bulbs. Fig. 4,374, two ampere; Hg. 4,375, tia 
ampere. The small portable Rectigons are designed to charge single batteries in homes and 
private garages In these outhts the transformer secondary voltage and internal reactance are 
so cliosen to give a charging current not far from the rated values under any conditions of line 
or battery within reasonable limits without any change in connections or any adjustment for 
different conditions. The application is limited to lines of voltage variation from 100 to 130 
volts and to batteries of between 1 and 48 cells. Within these limits the charging current 
varies from 20% above the rated value to about 50% below. Thus, with a line i^tage 10% 
above normal and charging 3 cells the current will be approximately 20% above tlie rai<^ 
value, and with a line voltage 10% below normal and charging 6 c^s, the current will be 
appraiiinately 50%of the rated value. The clmiifingcaitent does imt vaiyapsaeciabl^ 
charge. 
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The butt) is timilar in appearance to an incandescent lamp. A low 
vdtage filanaent, the cathode, and one or sranetixnes two carbon anodes are 
used for electrodes. The bulb is filled with argon gas. 

When the filament is energized the space between the dectrodes acts 
as an dectric valve of low resistance, allowing current to flow only ficom 
anode to cathode. Therefore, only uni-directional or direct current can 
flow firom the battery charger. The transformer serves three purposes: 
First, it adjusts the voltage of the alternating supply to that r^uired 
by ^ batteries; second, it furnishes a separate source of excitation for 



Fl». 4,S7«.— WwtiBghoiae 12 ampm, 75 volt. Rectigon wctifler witt 
taiiltN,etc. By meanaof the arrantemeatd tbe dx. leads, the uaefta given t^wl ce of tmee 
mmhina tkmm for charging battetiea. as there ate always two ciiwnu available. The nrstom- 
KiwyHof. wot charge two groups, of from one to ten batteries each, at a six ampere rate, ur, 
by turning the regulating handle to the off positiaa, it is possiUe to eliminate iroap. A 
second rearrangement of the external connections permits one to charge a 
batteries at the rate of 12 ampoes. The third combination is an arrangement <» oanmim 
into time groups so that the current goii« into om group wiM eq^^ sum <rfttec urimto 
in tho othcar two (roupt. In this manner it ia poeaible to give a high charging rate to a •peciai 
group of batteries at the f*™* time t^iarge two other groups at a low rate. 


the Biniwwnti and third, it insulates the batteries from the suwdy current. 

Various battery voltages are used. 24 and 48 volt systems predom^te, 
althoo^ 12 vcrfits is often used on small and 110 volte on large systans. 

B«Ib Seetifier Troubles.— Typical of the characteristics of 
Operation of bulb type rectifiers^ the following troubles relating 



-^OTO'O 01 
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in particular to Tungar rectifiers, with their remedies are givra. 
If, on turning on the dial switch, the bulb do not glow: 

1. See whether the ax. supply be on; 

2. Examine the supply line fuses. If these be blown or be defective 
r^lace them with 10 ampere fuses for a 115 volt outfit or with 6 ampere 
fuses for a 220 volt outfit; 

3. Make sure that the bulb is screwed well into the socket; 

4. Examine the contacts inside the socket. If they be tamtdied or 
dirty, dean them with sandpaper; 



yiQB. 4379 and 4380.— Weatiaghouae 6 amperes, 75 volts Rectigoo battery cfaaiger for {MbUe 
garagas and battery service statione. Fig. 4,379, charger cloaeilb fig. 4,380, charger open 
abowiog construction. 


5, Try a new bulb. The old bulb may be defective; 

6. Have the switch arm make good contact on the regulating switch. 

If the bulbs light, but no current show on the ammeter: 

1. Examine the ootmections to the batteries, and also the connections 
b^ween them. Most troubles are caused by imperfect battery connectioni^ 

2. the fuse inside the case. If this be blown or defective, re- 
place it with a 12 ampere fuse; 
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3. See that the clip is on the wire of the l>ulb; 

4. The bulb may have a slow leak and therefore may not re(^tify. Try 
a new bulb. 

If the current on the ammeter be high and cannot be ^uced; 



Flo, 4,3S1. — General Electric Tungar battery charger^ home type, for lead batteries. 5 ampm 
charging rale for 3 cells or 3 ampera charging rate for 6 cells. This type of Tungar isespecblly 
adapted for charging radio batteries. The number of ampere hours replaced should be about 
30% higher than those taken out of a battery. For example, if a 3 tube receiving set (1 am* 
pere per tube) be operated 3 hours, the battery will deliver 9 ampere hours. The Tungar should 
be operated approximately 2 H hours or a total of 12 ampere hours to replace this amount of 
disdiarge. Keep the battery in a fully charged condition at ail times. Alwa^ have the leads 
from the battery to the radio set disconnected when cliarging. The radio set is grounded, and 
trouble will occur if these instructions be not followed. Always pull the attachment plug out 
of the socket. Never merely turn off the socket switch when discontinuing charging. Make the 
detector hlament connections direct to the battery and not to the Tungar leads. A safe ar* 
nuigement is to ha ve a small double pole, double throw switch, the battery being connected to 
the blade terminals, the Tungar to the terminals on one end and the bulbs to the terminals on 
the other end. 

1. The ammeter may be sticky; tap it lightly with the hand. The 
ammeter will not indicate the current correctly if the pointer be not on 
the zero line when the Tungar is not operating. The pdnter may be 
easily reset by turning ^ghtly the screw on the lower part of tike inetni' 
ment; 
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2. Be sore that the batteries are not connected with reversed polarity; 

3. The ax. supply may be abnormally hi|^. Make sure that the pri- 
mary connection is made to the tap nearest to the supply v<dtage. Always 
keep a spare bulb on hand that has been tested for at least one cmnplete 
diarge befmre beu^ placed in reserve. 



Pm. 4 , 382 .— WwtinghouM “RactagT dry )«Mctioo tridde di«ser. 

Pm. 4,383.— Connection plate of Rectos dry junction tridcle charger. Thie outfit wiU Ohaim 
a 6 voit atorage battery at a nrnxinnun rate of approximately .75 ampere continuwiwi^ 
pioviidoa is ai^ made for charging at a .4 ampere rate if deeired. In chnrgtnt, it » 
neoeemry to connect the battery to the charger by means of short copper wires, and then 
phm the 9X. lead into any convenient light socket. The position of the link connector m 
the front of the outfit determinea whether half or full rate charging will m necessary to 
mlnrt the proper terminals, which are very plainly marked, in order to obtain the charging 
ratededind. 

0ry Janctioii Rectifier.— This type rectifier was introduced 
with the idea of avmding electrolyte, gas, or vacuum as em- 
ployed in the rectifiers Just described. The rectifier of this t3T)e 
here described is made by the Westinghouse Company under 
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the trade name "Rectox" Tlus outfit consists diiefly of a 
smtably designed transformer and copper oxide rectifying 
elements enclosed in a sheet steel case. 


The rectifying element consists of coiqjer discs or washers, <^ne side of 
which has been treated- at high temperature to collect a coating of ca/pptx 
oxide. These discs are separated from eacb other by a lead washer to 



Fw. 4.3B4.-^MtiaCliouM dry hnctioB fectMer nilt coo rit tim of tiMtod ooppir di«t w 

the accontpttnyim ten. 
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futnish good contact. The d.e. terminals, fuse and charge rate selector 
studs are located at one end of the outfit and all parts plainly marked. 


The two standard methods of connecting rectifiers for full wave reed* 
fication are shown in figs. 4,385 and 4,386. 



VtaMi. 4JSBS and 4,386.*— Arrangement of diy iunetkm rectifier for full wave rectification. 
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Fig. 4,390 shows an assemUy of four copper oxide rectifier elements into 
a group for full wave rectification, the connections being the same as in 
fig. 4,389. Sudi an assembly may be used without a central tap in the 
transframer. With good ventilation, such a unit will supply a uni-direc- 
tional pressure of 6 vdts and a current which depends on the>area used. 

The current d«isity that may be used depends on the effectiveness of 
the ventilation that is provided. In order to dispose of the power lost 'a 



C’ 

Fks. 4,388. — ^Kodd “Kuprox” rectifier disc. The rectification is due to a thin layer of copper 
ffrid e formed directly upon a sheet of pure copper A. and coated on its outer surface 

with a thin copper film O, C*. The direction of current flow, is from the copper films C*, or 
O, through the intervening oxide layers or to the underlying copper plate A. If the 
positive termirud of a battery or other source of energy be coruiected to A, 2iiMi provided the 
critical voltage be not exceeded, no current will pass tlurough the Kuproxdisc upon completioii 
of the exterior surface. 
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the rectifier, it may be provided With ventilating fins. With current den- 
sities greater than two amperes per square inch, a forced air draught or 
immersion in oil is necessary. 



Pio. 4»390.— <^rouD assembly of dry junction rectifier discs for full wave rectification. 


TEST QUESTIONS 

1. What is the purpose of a rectifier? 

2. Give the definition of a rectifier. 

3. For what applications are rectifiers used to advantage? 

4. Give a classification of rectifiers. 

5. What is a mechanical rectifier? 

6. Of what does an electro-magnetic rectifier consist? 

7. Name two kinds of electro-magnetic rectifiers. 

8. What is an electrolytic rectifier? 

9. What are electrolytic rectifiers sometimes allied? 
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10. What metal is extensively used in the construction of 

electrolytic rectifiers? 

11. Describe the Nodon valve. 

12. Describe the Fleming oscillation valve. 

13. Describe the Grisson valve. 

14. Who invented the audion valve? 

15. How does the Churcher valve operate? 

16. Describe the Pawlowski valve. 

17. What type is the Buttner valve? 

18. What significance have the terms vapor and arc as 

applied to rectifiers? 

19. Describe at length the Cooper- Hewitt mercury vapor 

rectifier. 

20. What are the two kinds of losses in the rectifier tube? 

21 . What is a mercury arc power rectifier? 

22. Describe a mercury arc rectifier outfit. 

23. How is a mercury arc rectifier started? 

24. Describe at length the American Brown Boveri mer- 

cury arc power rectifier. 

25. Describe the construction of the mercury seal for 

power rectifiers. 

26. How does the two stage pump used with the power 

rectifier work? 

27. What is the range of sizes of mercury arc power recti- 

fiers? 

28. Describe the argon gas bulb rectifier. 

29. Give some points on argon gas. 

30. Give a number of bulb rectifier troubles, with their 

remedies. 

31. What is a dry junction rectifier? 




Lightning Arresters 


2,521 


CHAPTER 81 

Lightning Arresters 

By definition a lightning arrester is a device for providing a 
path by which lightning disturbances or other static discharges 
are passed to the earth. 

A lightning arrester is a device intended primarily to prevent 
damage to electrical apparatus which may be caused by dis- 
turbances due to lightning. The study of the effects of ligjit- 
nin^ is of even greater importance than that of the lightning 
itself. 

Most of the effects of lightning foimd on electrical circuits are due not 
to a direct stroke of lightning striking the transmission line, but rather 
due to the so called induced voltage which appears on the transmisuon 
line when a cloud over the line suddenly discharges either to ground oc 
to another cloud. 

Lightning arresters are not intended to take care of direct 
(Strokes, and like poles, or insulators, or other portions of the 
structure of electrical circuits, may be destroyed by such a 
discharge. 

The magnitude of the voltage which appears on a line yrb&d 
the cloud overhead discharges depends upon the height of the 
hue above the ground and the pressure gradient at the tune 
of discharge in the regicm wb^ the line is located. 
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The rapidity with which the voltage appears on the transmission line 
is determined by the rapidity with which the cloud dischar|es. As is 
well known, from watching lightning during a thunder stonh, the dis- 
charge takes place in a very short time. That time may be, p^haps, the 
time it takes electricity to travel from the cloud to the groimo, whidi if 
the cloud be half a mile above the earth and discharged to ^e earth, 
would be of the order of 1/400,000 part of a second. 


Some observers believe that the lightning discharge is oscilla- 
tory in character, while others are of the opinion that the dis- 
charge is tmidirectional. 

Considerable material has been written concerning the magnitude of the 
voltage and current which may be found in lightning discharges. Valuable 
as these factors are in helping to dear up the lightning problem, the mag- 
nitude of the voltage on the line and the rate at which it builds up are 
of immediate importance. 

Since the portion of the line under the cloud is charged to a certain 
voltage against ground, the transmission circuit so affected may be con- 
sidered as a condenser which discharges into the rest of the circuit not 
under the cloud. As a result of such a discharge, two waves of voltage 
travel along the transmission line in opposite directions from the di^ 
turbance. If these waves do not flash over some insulator as they travd 
along the line, they will continue until some inductive electrical apparatus 
is reached where insulation between turns or between conductors and 
ground may be punctured or otherwise damaged imless properly imto- 
tected by a lightning arrester. Any study, then, of the lightning problem 
must involve the study of the effects of a wave traveling along an elec- 
trical conductor, these waves being so constituted that the voltage rises , 
horn zero to a maximum of many times the operating voltage of the line 
in a period of time as short as a few microseconds, 

Considanble experimentation has been made with discharges of con- 
densers producing waves of this character, but no means have been avail- 
able whereby the exact foim of these waves could be determin(d« until 
recently. 

A scientific study of the whole problem involves the use of some oedUo 
gra)!^ device such as shown in figs. 4,391 and 4,392, which wfll depict 
easily and accurately transient phenomena of actremdy short duration. 
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Fra. 4,391 and 4,392. — Dufour oscillograph. Fig. 4,391. external view, fig. 4,392. elementary 
diagram showing operation. There are two sets of deflector coils 1 , 2, 3, 4, $o arranged aa 
to produce a tin^ scale which may give a distance of several cm, on the film corresponding 
to a millionth of a second. In one of the sets of deflecting coils a transient current is i)a88ed 
in such a manner that the electron stream is held off the film until the proper time arrives 
when It sweeps across the film at a uniform rate. The circuit is so arranged that the electron 
stream does not again return to the film. Thus, with these so called sweeping coils only 
m use, a straight line is traced. Through the other set of deflecting coils is passed a current 
Irom an oscillator whose amplitude is adjusted so that the electron stream is not deflected 

t *^<^*** energized a straight line ts traced. 

When Doth of these coils are energized simultaneously the effect is to produce a wave form. 
By these mans a time scale is produced in either of two ditections as desired. By using 
TO swiping alone without the oscillator, a time scale may be obtained such that I in. 

5 u ^ ® microseconds. Using the oscillator alone the magniflea* 

limited only by the frequency which it is possible to secure in tim 
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Terms Relating to Arrestm's 

Fc»r a dear understanding of this chapter the readeir should 
note the following: 


Definitions 

Cathode Ray OeciUograph . — A cathode ray oscillograph is at) instru- 
ment in which the moving parts consist of cathode rays. This has a very 
high speed and can be used to accurately record surges of very short 
duration. 

Characteristic Element . — The characteristic element of a lighting ar- 
rester is that part of the arrester which controls the discharge current 
and which suppresses the follow current. 

Discharge Current . — ^The discharge current of a lightning arrester is 
the current resulting from the surge which flows thro^h the lightning 
arrester to earth during the time the lighting surge is taking place on the 
circuit. 

Follow Current . — ^After the surge current caused by the lightning dis- 
turbance, passes through the lightning arrester, there is formed a conducting 
path through which the normal or generated current of the circuit may also 
^w. Alttmugh this generated current is finally stopped, some of the 
current fc^ows the surge current through the lightning arrester and this 
curr»rt is called SolUno currmt. 

' Ground . — ^Any conducting connection betweoi an electrical circuit and 
the earth, is call^ a pound or earth, the word earth beii^ more aourate 
when applied in coimection with the use of lightning arresters. 

Born Gap . — ^A horn gap is a spark gap equipped with metal horns to 
assist in interrupting the follow current. Such a gap is sometimes used 
as a series gap with a lightning arrester. 

Lightning is an electrical discharge occurring in the at* 
mo^hae from cloud to cloud, between cloud and earth or within ac^wd. 
When such a discharge between cloud and earth terminates on a trana 
mksion line, a distribution line, dectrical machinery or other objects, it 
is called a direct stroke of lifi^tning. Althoufl^ dirert strdces may be de- 
structive, they usually strite etecticai systems only in the tr an si a iss i oo 



Lfghttting Arresters 


2,525 


circuit, where, at the present state of the art, it is not economic to com- 
pletely protect against them. Lightning arresters are not in general de- 
signed to protect against direct strokes. 

Lightning Arrester , — A lightning arrester is a device providing a path 
for electric current between any electric circuit and the earth, through 
which, upon occurrence of a lightning surge, current will be conducted in 
sufficient amount to reduce the over voltage of the circuit caused by the 
surge, and after this reduction, the current will cease to be so conducted. 

Lightning Surge.— A lightning surge is a temporary electrical disturb- 
ance in an electric circuit caused by lightning. 
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Fns. 4,303 aa4 4»iIeOiod of nosniriag the voitage of an actual lightning atrohe. 

Protected Series Gap . — protected series gap is a series gap protected 
ffiom lahx and other precipitation by a roof or cover. 

Seri^ Gap , — A spark gap connected in series with a lightning arresto' 
vidch keeps the circuit through the lifibtuv arrester open under normal 
coaditkws, but cloges the circuit for the l^htningdischaiie by tpuiibigover. 



2,526 


Lightning Arresters 


Classification. — ^Lightning arresters may be classii 

1. With respect to their use, as to 

a. The kind of circuit to be protected: such as power or conilmunication 
circuit. 

h. Location: that is, whether it be for use on distribution ch^cuits or at 
large stations. \ 

c. Weather protection; whether indoor or outdoor type. 



d. Nature of generated current; whether d.c. or a.c, 

e. The system of connection; whether it be earthed or non-earthed. 

2. With respect to control of follow current, as 

a. Valve type. 

b. Follow ciurent type. 
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Ques. What are the causes of static charges? 

Am. They may be caused by sand storms in dry climates, 
:harges from overhead clouds, smoke, dust particles in the air, 
stc. 


Ques. What causes high frequency oscillations? 

Am. They are mually due to lightning discharges in the 
dcinity of the line, either from cloud to cloud, from cloud to 
:arth, or within a cloud. 



4,396. — Curves showing the manner in which the voltafsie increases on the line with de« 
cieaae in voltage on thr cloud. 

Ones. What are the requirements of lightning protection 
heTices? 

Am. They must prevent excessive pressure differences be- 
tween line and ground, line and line, and prevent damage to 
electrical machinery by keeping the pressure, due to lightning, 
at a low value. 
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Ques. What is a spark? 

Ans. The conduction of electricity by air. 

Ques. What is an arc? 


X 

■\ 




Fig. 4,3d7.— 'Lightning difcharge from transmimioa line photographed on revtdvlng film teete 
p\mAM ^ the mountains of ^lorado. A 24 mile idle line was available. The lii^tldiif 
was permitted to discharge to ground through a large gap in series with a small amdliary 
gap in a dark box. A rapidly revolving photographic film on a steel disc recorded the dis- 
charge. Many of these discharges were photographed. In all cases, following the first 
impulse, a very highly damped oscillation took place at. the natural period of the line or 
about 1,900 cycles. 

Ans. The conduction of electricity by vapor from the dec- 
trodes. 

Ques. What is the difference between an arrester for S 
Y and non-grounded neutral ^stem? 

Ans. Thediffer^ceindedgnisthatthearr^tarfor ihexioii- 
grounded neutral system must be built to take care of a Isan^sex. 
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voltage. The reason for this is that under certain conditions 
the non-grounded system has a higher voltage to ground than 
the grounded system and this requires a higher voltage light- 
ning arrester. 

Ques. Why is a higher voltage obtainable with the non- 
gronnded system? 


,SPARK PLU6 



PlOS. 4,398 and 4,399.— Two Suniliar UluBtratiom showing the distinctian betwsn a apntk 
n arc. 


Ans. If one line become accidentally grounded, the full Une 
voltage would be thrown acr<^ one leg. On a Y system with a 
grounded neutral, the accidentally grounded phase causesa shcrirt 
circuit of the phase and the arrester is relieved of the strain by 
the tripping of the circuit breaker. Briefly stated, a hi|^ 
w>ltage arrester is used when for any reason, the system can be 
operated, even for a short time with one phase grounded. 
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Valve Type Arrester— This type arrester is one whose char- 
acteristic element has a very high resistance at normdl voltage, 
which resistance decreases as the voltage increases and thm returns 
to its normal value when the surge voltage returns to These 

characteristics result in suppressing the follow currently 

In other words, the valve type acts as a valve and lets the higli^ pressure 
surges pass through the arrester, but shuts the valve when the normal 
line current attempts to follow. 



Fig. 4 . 400 .— Westinghouae valve type arrester for protection of distribution transfomera; 
voltages up to 50,000. The protection of distribution systems is mainly a problem of dis- 
tribution transformer protection. This differs in every respect from the problem involved 
in the protection of station type apparatus. The conetruction of the arrester is plainly 
shown in the illustration. 

FoUow Type Arresters.— By definition a follow current type 
arrester is one that permits follow current to flow and then puts 
out the follow current. 

This method of putting out the foltow current miidit be by means of 
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a magnetic blowout; the change in characteristics of metal vapor prevent- 
ing the reversal of current; or allowing the heat of an arc to draw it out 
and break it as in the horn gap type. 

Protective Characteristics. — The protective ability of a light- 
ning arrester depends upon the voltage to which it allows the 
surge to go and the time during which it permits such voltage to 
be maintained. 



FiCS. 4,401 to 4,403. — General Electric majoietic blowout (follow type) arresters. Fig. 4,401 
for outdoor service up to 750 volts; fig. 4,402 for inc!(x>r 750 volt service; fig. 4,403 type for 
mounting under car, 350-750 volts. 


Although the time of a lightning surge is very small, and can only be 
measured in millionths of a second, this time is important, and the length 
of time that the high voltage is impressed on tVie. electrical machinery, in 
addition to how high the voltage is, determines whether the electrical 
machinery will have a breakdown of its insulation or not. 


Air Gap Arresters. — A method of relieving any abnormal 
pressure condition is to connect a discharge air gap between some 
point on an electric conductor and the ground. The resistance 
thus interposed between the ground and the conductor is such 
that any voltage very much in excess of the maximum normal 
will cause a discharge to ground, whereas at other times the 
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oonductx>r is ungrounded because of the air gap. This fopns 
principle of air gap arresters. 

The single gap, while adequate for tdegraph line protection, wik found 
insufficient for electric light and power circuits, because since the Current 
of such circuits is considerable and usually at high pressure, it would 
follow the lightning discharge across the gap. Thus the problem arose 
to provide means for preventing the line current going through the ar- 
rester, and this has resulted in the introduction of several new forms 



Fig. 4,404.-— Diagram illustrating operation of magnetic blowout (follow type) arrester. The 
anester consists of an adjustable spark gap in series with a resistance. Part of the re- 
sistance is in shunt with a blowout coil, between the poles of which is the spark gap. The 
parts are mounted on a porcelain base which, for outdoor service, is in turn mounted in an 
asbestos lined wooden box. In operation, when the lightning voltage comes on the line, 
it causes the spark gap to break down and a discharge occurs through the gap and the re- 
sistance rod to ground. Part of the line current following the discharge shunts through 
the blowout coil, producing a strong magnetic field across the spark gap. The magnetic 
field blows out the discharge arc and restores normal conditions. 


UNE 

— oooooo ooooo 

NON-AfONG METAL CYUNDERS 

Fig* 4,405. — ^Non-axcing multi-gap arrester. Based on the principle of emfdoying for the 
terminals across which the arc is formed, such metals as are least capable of mamtaining an 
alternating arc between them. This so called noa-arcmg property of certain metals was 
ducovered by Alexander Wurtz. The action is such that the 'line cunent" which foUoes 
the lightning discharge follows as an arc, but is stopped at the end of one altematkm ha* 
cause of the property of the non-arcing meuls to carry an arc in one direction, but requitilig 
an extremely high voltage to start a reverse arc. The non-arcing metals ordinarily em« 
ployed are alloys of xmc and copper. Plain multi-gap arresters as here shown operate sat* 
iifaetorily with the smaller mai^ines and on circuits of Umited power, panieiilacly km 
eoHage circuits. 
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of arresters, particularly the pdlet type and the station type oxide film 
lightning arresters. 

C^peratioti of a Lightning Arrester. — The cycle by which a 
lightning arrester operates includes the following action: 

1. Due to the series gaps, no current from the line passes 
through the arrester and the arrester circuit stays open; 

2. When the lightning surge takes place, the voltage goes up 
high enough to arc over the series gap, and the surge current 
or discharge passes through the lightning arrester to earth; 

3. The surge current continues to flow as long as the surge 
voltage is on the line, and after this stops flowing, a small 
amount of the generated ciirrent on the line may flow also, 
depending upon the type of arrester; 

4. As soon as the surge voltage has been reduced to a very 
low value, the surge current stops flowing, and shcotly after, 
the follow current, if any, stops flowing and the arrests is 
restmed to the original condition. 

As soon as the arrester has discharged as just described, it 
should be ready for another discharge in case of other lightning 
voltages. 

Pellet Ajrresters.— The essential elements of an arrester of 
this type are a number of small piUs about ^ tn., in diameter 
made of lead peroxide. 

These are coated with litharge powder which forms a film around the 
pjll. These litharge coated pills or pellets are placed in a porodain tube 
and assmnbled in good electrical contacts with metal electrodes at each 
end of the column. 

Between the line lead and the pellet column is one or more 
senes gaps whidi separate the pellets from the line under nor- 
mal conditions, but vdiich allow a discharge to take jflaoe. wta 




film arrester js made for application to ax, constant pressure circuits of voltages up to 
50,000. It is for outdoor service only and is used primarily for the protection of distribu* 
lion transformers and m<Klerate sized substation transformers. The pellet type of oaide 
him arrester is a modification of the well known cell type of oxide film arrester . The latter type» 
which was developed for large stations and large outdoor transformers, has been in auc- 
cMfui service since 1915 on circuits with voltages ranging from 300 to 220,000. Tbit 
asrester is of the valve type. 


High voltage surges go through this pellet arrester in a 
number of parallel paths and the sealing occurs at the contact 
surfaces of all the pellets in the path of the surge current. 

It misht be expected that such small contact surfaces as exist between 
the oeliets would be quickly wenm away by the discharges, but this is not 
the ease. The contact sxu-face is punctured by the discharge, but tiM 


jt- 
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sealing at once reforms the film and the contact surface is restored, ready 
for additional service. 

The pellets have the mechanical strength to withstand the heavy surges 
that this type of arrester will discharge. 

The satisfactory performance of this arrester, or any lightning anesta*. 
dep^ds upon its application to circuits where the maximum voltage at 
no time exceeds the maximum rating of the arrester. 



nt*. 4.406 and 4,409. — General Electric oompteasion chamber arreatera: sectional views aha* 
compres s ion chamber. 

Figs. 4,410 and 4,411 .—General Electric pellet type oxide film arresten. Fis. 4,410, 25.000 
volt: fig. 4,411 37,000 Vedt. 


Compr^sion Chamb^ Arresters. — ^These are made for the 
protection of apparatus on secondary lighting and power cir- 
aiits. The 750 volt arresters are especially suitable for the 
protection of apparatus on railway signal feeder circuits. AU 
are for outdoor service only. 
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niie essential elements of a compression diamber arripsta: 
are two electrodes with a small air gap between them, pUtci^ be- 
tween line and ground. The lightning voltage sparks oveij:^ ^ 
gap and a current flows to ground, thus relieving the lig^tihing 
strain. 

The gap electrodes are made of a brass alloy, which gives off a idnc 
vapor due to the heating of the current. This vapor has a rectifying effect 
prev^ting the reversal of the current, so that at the end of the cyde on 
which the discharge occurs, the line current following the dischaiie it 




ftos. 4,412 to 4,416. — General Electric oside film aneater cell. Fig. 4,412, 

figs. 4,413 to 4,416, cell before asaeinbly. In eonatructton the cells arc held tflCBther 
under_ moderate pressure and are arranged in sections or stacks according to the writiwe 
and kmd of circuit. The cells are disc shasied, about 7 ins. in diameter andH in aa 
shown. The active area is approximately 23 sq. in. Each cell is made of two cumilar bnss 
^tes crimped firmly to the edges of an annular piece of porcelain, as shown in fig. 4 , 416 . 
A powder, lead peroxide, which has very low resistance, compactly fills the «p««f between 
the plates. The inside of the metal plates is covered with a varnish film srhidi is an in* 
anlator. The number of cells used in an arrester is such that the voltage per cell la an- 
proximately 300 volts. The active area is about 23 sq. in. 


cut off and nonnal conditions are thus restored. In the compnanon 
chamber arrester the gap electrodes are separated by a porcelain «»oer. 
It will be noted in figs. 4,408 and 4,409 that the brass alloy makes a 
ckiaed chamber. 


During the discharge, the gases formed by the arc are held 
wUhin these chambers and become slightly compressed and ffiry flf 
ht extinguishing the arc by parfiaUy smothering it. This featme 
gives the arrester its name. 
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Oxide Film Arresters. — This type arrester consist^ essen- 
tially of a number of cells with a gap in series between tine and 
ground. \ 

The cells are held together under moderate pressure and are arranged 
in sections or stacks, according to the voltage and kind of circuit. The 
. cells are disc shape, about in. in diameter and % in. thick as shown 
in fig. 4,412. 

In operation when a lightning voltage sparks over the gap, it 
is impressed on the cells and breaks down the insulating coating 



Fig. 4,418. — General Electric three phase oxide him arrester for outdoor aervide 80^000 to 
25,000 volts; shields of middle leg removed for inspection* 

A breakdown occurs in the fonn of a minute crater on the film coating, 
The metal plates are not punctured. As soon as the crater forms, a disdhargt 
current flows through the cells to ground thus relieving tite li ghtnfa y 
pressure. The flow of cunent through the cells, thrmi gh some actkm, 
the theory of which at the present time is not entirely undmtoodi fSiili 
tq;} the opening to the crater and prevraits the generator current foSop^ 
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the lightning discharge. The arc in the series gap dies out and the ar- 
rester is again disconnected from the line. 

If the voltage should still or again be sufficiently high to break down 
the gap, the operation is repeated, either at the same point or some other 
point on the surface of the varnished plates. These operations may con- 
tinue for many years, the sealing action taking place over the entire area 
and sometimes in the same identical point that the previous discharge 
took place. 
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Figs. 4,419 to 4,4231. — Protected area and distribution of hits between rod and ground for 
different positions of storm center. 


When arresters of this type are used an inspection should 
always be made at the beginning and end of each lightning 
season. 

If the cells be found mechanically intact, the arrester can be consid- 
ered in first class operating condition. 
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The number of cells required for a given operatii^ voltage is 
determined by allowing about 300 volts per cell. 1 

It is possible to pre-detmnine the characteristics of an oxide fUn light- 
ning arrester in a laboratory by using a lightning generator and a ^thode 
ray oscillograph. 


Ques. Can oxide film lightning arresters be operated at a 
low voltage temporarily and later at a high voltage? 

Ans. Yes. 
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This can be done by putting in enough cdls for the final voltage, and 
short circuiting the extra cells while operating at the lower voltage. 

Ques. Describe the operations necessary in patting oxide 
fi lm arresters in commission. 

Ans. The arrester should be assembled in accordance with 
construction drawings and the hemisphere gap adjusted ior 
the correct gap setting. 
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All grass, weeds, and other obstructions should be removed from under 
or near the anester, as these ate liable to short circuit the live parts. The 
insulators, hemispheres and other parts should be thoroughly deaned with 
a dry doth to remove dust, surplus compound, etc. 

The arrestoe should have an initial charging operation and after that 
they should be charged at the beginning of each lightning season. 'VfHhen 
possible, it is advisable to reduce the line voltage to half vdtage and 
raise it in steps of three quarters in full voltage, charging the arrester at 
each step. 



height of Rod in Percent of Cloud Height 


FM. 4,423.— IMviskm of hiu between rod and ground for different heights of rod. When the 
iidd luM aero length. 100% of the hits must strike the ground. When the height of the rod 
ia 1.1% of the cloud height, the division of bits is equal, while all of the strokes go to the 
tod it is about 2.5% of the cloud height. Over this range, the ground was never bit 
ammr to the rod than four times its height.— frSMcrof Eltetrie 


The procedure in any case will be as follows: 

1.. Disconnect the arrester from the line. 

2. Discharge «ich stack of the arrester to ground. 

3. Inflect all connections and mechanical parts to ascertain if dll be 
ia good conditifini. 
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4. Where the line voltage is reduced for charging, all three gapipm be 
shorted at the same time with not greater than a 5 ampere fuse wire'across 
eacn gap. Where the line voltage cannot be reduced, it is advisable to 
short each ghp in turn before finally shorting all three gaps. At eacft volt- 
age gap the voltage should not be held over three minutes. If the'ifuses 
blow, or the cells show signs of trouble, indicated by any compounds being 
blown out, the operation should be discontinued and the arrester discon- 
nected, as the line circuit or arrester connections may be at fault. 

5. After the arrester has been satisfactorily charged, disconnect the ar- 
rester from the line and discharge the cell .stack to ground. To discharge 
cell stack to ground, it is not necessary to discharge each individual cell. 
After the arrester is disconnected from the line, the line side of the gap 
should be grounded. Short circuiting the gap with the arrester discon- 
nected from the line will then discharge the cell stacks to ground. 

6. Remove all short circuit connections and inspect all parts to see that 
all mechanical parts are making proper contact. 

7. Make sure that the gaps are set in accordance with the gap settings 
applying to the particular altitude that they are being operated at, and 
put the arrester in service. 

Ques. When is the pellet type of arrester used and when is 
the oxide film type of arrester used? 

Ans. The pellet type of arrester is generally used to protect 
small circuits, small banks of transformers, and other electrical 
machinery where the cost will not warrant the larger and more 
exp)ensive arrester. The oxide film lightning arrester is used 
for all important stations for protecting large banks of trans- 
formers, and for protecting circuits where trouble from light- 
ning would be very dangerous and expensive. 

Ques. What are the essentials for giving satisfactory light- 
ning protection to electrical machinery? 

Ans. They are as follows: 

1. A lightning arrester should be selected that will impress the lowest 
vdtage, for the shortest time on the insulation during lightning d^urbr 
ances. 
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2. The lightning arresters should be placed as close to the electric 
machinery it is protecting as possible. If it be placed too far away, the ar- 
rester will be unable to protect, or will give less protection than it would 
if it were right adjacent to the apparatus it is protecting. 

3. The ground resistance must be as low as possible. No arrester can 
be effective with a high ground resistance. 

4. The arrester should be selected for the proper voltage so that the 
rating of the arrester will not be exceeded under normal conditions due to 



Flo, 4,424. — Method of grounding for pole type lightning arresters protecting distrihutton 
transfonners. Under avera^ soil conditions this method should provide a reststanoe of 
IS ohms or lest, which if maintained, will be adequate for the pole type arresters, A single 
driven pipe, if liberally salted, will frequently give a suitably low resistance value for er- 
lesters on the customary 2300-4000 volt class of distribution circuits, particularly in regions 
of large arrester density. A ground resistance much above 15 ohms becomes questtonabie 
particularly in sections where the transformer density is a minimum; that is, where the 
number of discharge paths in psrallel would be a minimum, thus requiring the total energy 
Induced on the circuit over a considerable area or length of line to be discharged through 
hut one or two arrester Installations. In other words, the minimum ground l eai s t a n b e Is 
dasirahle in areas of minimum installation density. 
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Ques. What means are available to determine jlwhich 
arrester gives the best protection? u 

Ans. It is possible, in a laboratory, by means of a 
generator and a cathode ray oscillograph, to see the path ii the 
discharge through the lightning arrester, what voltage the 
lightning arrester allows the circuit voltage to go to, and how 
long this high voltage is impressed on the insulation of the elec- 
trical machinery being protected. 


PROTECT EXPOSED PIPE 
AND GROUND BUS FROM 
MECHANICAU INJURY — 


EARTH SURFACE 


FIRST DRIVE 2 IN. PIPE 
TO DEPTH OF.S FT. AND 
REMOVE. FILL SPACE 
AROUND I IN. PIPE TO 
THIS DEPTH WITH ROCH 
SALT WELL PACKED 
AND WATERED 



STANDARD I IN, GALVANIZED. 
IRON PIPE IN ONE LENGTH 


r COPPER GROUND BUS 

SOLDERED JOINT CONNECTION OF 

GROUND LEAD ABOVE EARTH 

■SURFACE TO PREVENT CORROSION 
OF JOINT. 





I'lp. 4,42S.— Pipe cpround elemrat. Drive one inch iron pipes to the permanent moiatura 
^ ground aroimd the pipes to a depth of several feet. The number 
of i^ter grounds depends upon the character of the soil and the sire of the anester in- 
action. For the average ^wer or lighUng steUon. the installation of four sucTmoimd 
pipe arrMwanents as here described should be sufficient. These should be louted^ 
2^ station and bussed scdidly together. One of these-groupa 

2 21?* * P®*"* arrester, or a fifth put in at such a point. It is adviaablt 

to connect earth pipra to the iron framework of the station, also to 
mins, metal flumra, or t^ley rails that are available. In no case should there be leia if rer 

two ^pe groups insulled, and where accurate records are to be kept of gromSr^taBce. at 

least three each pipe grounda should te made, with the individual pipes six feet or moce ^Mrt 


Qiigs. Ib this the only requirement for n good nrrester? 

Ans. No, it is also necessary to have an arrestex ;ugged 
enou^ to withstand unusual conditions. 
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Grounded and Ungrounded Neutral Circuits. — It is import- 
ant to avoid the mistake of using an arrester for a thoroug^y 
grounded neutral, when the neutral is only partially grounded, 
that is, grounded through an appreciable resistance. Careful 
consideration of this condition will make the above statement 
dear. 

In an arrester for a grounded neutral circuit, each leg of the 


PRIMARY 


SECONDARY 


transformer tank 



SERVICE PIPE 


EPARAT 


* FROM WMRP 
PRIMARY GROUND 


Pte. 4.4a6.-~'nie syitan of ouilUple driven i»pes for arounding ofmtm wed to prottet 
line anpenituB. The ground pipes ere driven cloee egeinet the arrceter founds* 
tlon. the letter tSm inechaniLl protection egeinet broken connection to pipes. AQ 
Of ^e copptf connecting bus »nd sctual connections to the pipes ere ebove the earfeoe, pf 
the ground, promoting eese of inspectioa end testing. Tlie number ot pipes to be used 
depends upon the soil texture end lesietivity, but under good soil ccmditiooe three or four 
driven ptpM wen treeted with salt win be satiafectory. while in many caace the son cow- 
ditkm wm require eight or ten pipes which may be inateUed as shown and speced not lass 
thaaSfeetonelleideeof the arraeter foundation. A good value of ree iat a n ce for arrseHre 
fsoioctlng etetion and substatiMi MiparetuB wiU not be over S dune, and in the RMO w 
ttn tonpu- e«l more important etwter tastalletlon even lower vdnee of ground 
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arrester normally receives the neutral pressure when the a^ester 
discharges, but if a phase become accidentally grounded, title line 
voltage is thrown across each of the other legs until the Circuit 
breaker opens the circuit. 

The line voltage is 73% greater than the voltage to neutral or normal 
operating voltage. This means that when a grounded phase occurs, this 
73 % over voltage is short circuited through the arrester until the circuit 
breaker opens. 



The amoimt of energy to be dissipated in the arrester de* 
pends upon the kilowatt capacity of the generator, the internal 
resistance of the arrester and the time required to operate the cir- 
cuit breaker. 

It is evident that the greater the amount of resistance in the neutral, th# 
longer will be the time required for the circuit breaker to operate. There* 
fore, in cases where the ^rthing resistance in the neutral is great mo ugh 
to jvevent the automatic circuit breaker opening practically instantane- 
ouslv. an arrester for a non-grounded neutral system should be 
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Ground Connections. — In all lightning arrester instaUatioos, 
it is very important to make proper ground connections, as 
many lightning arrester troubles can be traced to bad groimds. 

It was formerly considered best to ground a lightning arrester by means 
of a large metal plate buried in a bed of charcoal at a depth of 6 to 8 ft. in 
the earth. 

A more satisfactory method of making a groimd is to drive 
a number of 1 in. galvanized iron pipes or copper welded rods 
down to permanent moisture surrounding the station, connect- 



Fios. 4,432 and 4,433. — Genisral Etectrk line connectors. Fig. 4,432, attached to line; 
4,433, attached to pole. Line connectors are supplied with all lightning aneaters above 
85,CX)0 volts. Tl^se connectors are provided with soldered in cable and also set screws for 
holding cable in the connector. To operate, insert the switch hook in the eye of the con* 
nector and turn to left until the connectors then may be placed on the line and released 
ftom the switch hook by a right hand screw action. The reverse operation will detach 
the connector from the line and securely lock it to the switch hook. Attaching connector 
to arrester frame will then ground line side of gap. Short circuiting the hmbphere ga| 
win discharge the arrester to ground. 


ing all these pipes together by means of a heavy copper wire or 
preferably by a copper strap. 

If good grounding conditions be not obtained in this way, a quantity of 
salt should be placed around each pipe at the surface of the groui^ and the 
ground should be thoroughly moistened horn time to time with water. 

It is also advisable to connect these pipes to the iron framew<nk of the 
station and to any water mains, metal flumes or other heavy metal 
tyrtems which are available. 
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The following suggestic^s are 
made for the usual size of Station: 

1. Place three pipes equally ,, spaced 
near each outside wall, making I»,aU to- 
gether, and place 3 extra pipes spaced 
about 6 ft. apart at a point nearest the 
arrester; 

2. Where plates are placed in streams 
of running water, they should be buried 
in the mud along the bank in preference 
to being laid in the stream; 

3. Streams with rocky bottoms are to 
be avoided; 

4. Whenever plates are placed at any 
distance from the arrester, it is necessary 
also to drive a pipie into the earth di- 
rectly beneath the anester, thus making 
the ground connection as short as pos- 
sible. Earth plates at a distance cannot 
be depended ujpon. Long ground wires 
from the station cannot be depended 
upon unless a lead is carried to the paral- 
lel grounding pipe installed as described 
above; 

5. As it is advisable occasionally to 
examine the tmdergiound connections to 
see that they be in proper coiuiition, it 
is well to keep on file exact plans of the 
location of ^otmd plates, ground wires 
and pipes with a brief description so that 
the data can be readily referred to; 


4.434. — Sted cap for driving pipe. Thie prevents battering the end. The shank A, ia 
made to fit doeely the inside of the pipe to be driven and should extend into the pipe ab^ 
SorSfaw. The top end of the iHpe fits into the grooves, of the cap, the groove bemgdigll^ 
wider than the thickness of the wall of the iripe and aboutH in. deep. Agnatmanyp^ 
atay be thriven before the cap will need to be renewed. A |fipe may be driven with wtiiar 
aqiHn or flattmed end to penetrate the edl , and there ie not generally anffident advantasa 
witb the fiattened end to warrant the labor expended in tlw flattening operatico. SocalM 
pmmi patm may be putchaeed from electric power equipment dealers the potote am 
hardene d and have a dtaidc that fita inside the pipe. These simpilfy drivias Mmanhat* 
hot net KtamUf in anOdent degree to warrant Uidr coat. 
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4*43$ and 4,436v— Oi^ix» tisommg oooaectiaos ^ iKmi type Hyhtoa ig 
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6. From time to time the resistance of these ground connecttons should 
be measured to determine their condition. The resistance of ajsingle pipe 
ground in good condition has an average value of about 15 ohmsi A simple 
and satisfactory method of keeping an account of the stafe of the 
earth conditions is to divide the grounding pipes into two groups, and 
connect each group to the 110 volt lighting circuit with an ammeter in series. 

Horn Gap Arresters. A horn gap arrester consists essentially 
of two horn shaped terminals forming an air gap of variable 
length; one horn being connected to the line to be protected and the 
other to the ground usually through series resistance as shown in 



Fig. 4,437. — ^Hom gap arrester, diagram showing arrester and connections between line and 
ground. The horn type arrester was invented by Oelschlaeger for the Allgemeine Elec- 
tricitaets Gesellschaft, and like the Thomson arc circuit arrester, Hb operation is based 
on the fact that a short circuit once started at the base, the heat generated by the arc will cause 
$t to travel uffward until it becomes so attenuated that it is ruptured. On circuits of high voltage 
this rupture sometimes takes a second or two, but seems to act with little disturbance of 
the line. Sometimee a water resistance is used, a choke coil being inserted in the circuit 
in aeries. In one inetallation for a 40,(XX) volt line, the horns were made of No. 0,000 
cx>pper wire with gap knees 2\i to 3 or 3 inches. The capacity of the water resistance 
receptacle was 15 gallons. Veere differ as to whether the water i^ould contain salt. Tht 
choke coil can be made of about 18 turns of iron wire wound on a 6 inch cylinder. 


In operation, the arc due to the line current which follows a 
discharge, rises between the diverging horn and becoming 
more and more attenuated is finally extinguished. Horn 
arresters should be used to protect the series rectifiers and mov- 
ing coil transformers used in series lighting. They should also 
be used at the junction of cable and ovo’head series circuits. 

A typical horn gap arrester is shown in fig. 4,438. 
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Electrolytic Arresters. — ^Arresters of this class are sometimes 
called aluminum arresters because of the property of aluminum 
on which their action depends; that is, it depends on the phe- 
nomenon that a non-conducting film is formed on the surface of 
aluminum when imm^sed in certain electrolytes. 

If however, the film be exposed to a higher pressure, it may be 
punctured by many minute holes; thus so reducing its resistance 
that a large current may pass. When the pressure is again re- 
duced the holes become reseated and the film again effective. 



Fk. 4,438.— General Electric horn gap arreeter for outdoor eervice. tt of a horn 

gap, with the resistance units enclo^ in porcelain tubes. These arsesters are designed 
to be mounted on the top of the poles and above the wires to keep the arcs on the horn 
gaps from reaching the line wires. They are built in sinade pole units only. 


In construction, the aluminum arrester consists essentially of a system 
of nested aduminum cone shaped trays, supported on porcelain and secured 
in frames of treated wood, arranged in a steel tank, as shown in fig. 4,439. 

The systan of trays is connected between the line and groimd, and be- 
tween line and line, a horn gap being inserted in the arrester circuit whiA 
prevents the arrester being subjected to the line voltage except when in 
action. 

The dectrolyte is poured into the cones and partly fills the space be- 
tween the adjacent ones. The stack of cones with the electrolyte between 
t hfm is then immersed in a tank of dl. The electrolyte between adjacent 
cones forms an insulation. The oil improves this insulation and prevents 
the evaporation of the solution. 
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A cylinder of insulating material concentric with the cone st^ is placed 
between the latter and the steel tank, the object being to improve the 
circulation of the oil and increase the insulation between the tai^ and the 
cone stack. The arrester, as just described consists of a niunn^ of cells 
connected in series. 

Electrolytic arresters, although many are still in use, are now 
fast becoming obsolete being superseded by the oxide film 
station type. 


TO MORN 6AP 


PORCtLAlN BUSHING-^ 

r 

oil/ 


COPPER CONNECTOR- 
•NSUUTION TUBE- 

V/OOOEN ROD SUPPORT- 
OIL- 

electrolyte- 


cones IN CROSS SECTION-H 



-METAL COVER 


WLLDCO 5TUI, 

TANK 


ALUMINUM CONES 
COMPLETE 


FiO. 4,439. — General Electric (aluminum) electrolytic arreater. Thia type It practically 
Obaoiete. 


Vacuum Tube Arresters. — ^The design of arresters of this 
type is such as to give essentially a gap in a vacuum, the con- 
struction being shown in fig. 4,4^. The gap is formed between 
t^ inner wall of a drawn metal shell a:^ a disc electrode 
mounted concentric with it 
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The electrode is supported on a brass rod, which serves as a support as 
wdl as connection and has ample current carrying capacity. The dec- 
trode system is insulated from the tube and is rigidly supported in position 
by a bushing made of a special, accurately moulded, vitreous material which 
is unusually strong and able to withstand sudden changes of temperature. 
The bushing does not form the vacuum seal, however, that being made by a 
compound especially developed for the work. The open end of the tube 
is finally closed by a porcelain bushing held in place by spiiming. 

The tube is exhausted in a machine which solders a small hole in the end 
after the vacuum has been established. 

The possibility of solder entering the active part of the vacuum space is 
prevented by a diaphragm pimching. Both the electrode and the lining of 
the tube are made of brass. The arrester has a spark voltage of from 300 
to 500 volts, direct current. Arresters of this type are used on railway 
signal circuits. 


ELECTRODE 



fto. 4.440, — Sectional view of vacaum tube arreeter for railway signal drcuita. This arreataT 
haa a spark pressure of froK. 350 to 500 volts 4.e. anu an equivaleitt needle gap of about 
.005 inch. Itie arreeter will not stand a continuous flow of current due to eaceseive heating, 
hence if there be a poasibiUty of this due to lugh pressure crosses, fuses should be used. 


Effective protection against lightning requires the installa* 
tion of arresters having a low spark voltage, that is, the quality 
of disclmrging at low rises in voltage, and a high discharge rate, 
or the ability to discharge quickly a large quantity of lightning. 

To meet die requiremente of low spark voltage, in arresters for drcuiti 
of such low voltai^, a small gap is necessary, but in order to avoid short 
circuits, a large gap is advisable, lliese oppodng requirements are met 
by using a relatively large gap in a vacuum, because such a gap is equiva* 
Jent in ^park voltage to a very mudi smaller one in air. To obUifo the 
ipme spark vdtage in air a gap must be made so small that it becooMi 
xnaiSly affected by dust, and its worth is thenfoy impaired. 
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In designing lightning arresters, great attention is usually 
paid to low spark voltage, but another fundamental ^principle, 
namely a high discharge rate is often neglected. i 

To be effective an arrester must not only discharge at small rittes in vcAt- 
age, but it must discharge quickly a large quantity of lightning in c»der 
that the apparatus may be imme^ateiy relieved of the lightning voltage. 

An arrester may have both a low spark voltage, and a high discharge 
rate and yet a third fundamental principle of low maintenance may not 
be met . Low maintenance does not p>ermit the arresters to be fragile, either 
in handling or service. As the vacuum tube arresters are of strong om- 
struction throughout, rough treatment does not affect them. Low main-' 



Pig. 4,441.— General Electric 400 ampere. 25,000 volt inverted choice coil. 


tenance requires the life of the tube to be long so that replaconents are a 
minimum . This means the arrester must be so constructed that the vacuum 
is always retained and the current carrying parts are not affected by severe 
lightning discharges. 

The vacuum tube arrester will not stand a continuous flow of current 
as excessive heating resulting will soften the sealing compound. If there be 
a possibility of the circuit crossing up with one of higher voltage, fuses 
i^ould be put in series with the arrester. 

Chdce Coils.— A lightning discharge is of an osciUaUfry 
character and possesses the property of self induction, accordingly 
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The type of choke coils must be influoiced by the condition of^insulation 

in the transformers as well as by the cost, pressiue regulatidih and the 

nature of the lightning protection required. a 

.i' 

Ones. What is the primary object of a choke coil? 

Ans. To hold back the lightning disturbance from the 
apparatus during discharge so as to permit the lightning arrester 
to function properly. If there be no arrester, the choke coil 
cannot add any protection. Accordingly, a choke coil should 
only be considered as an auxiliary to an arrester. 

Ques. What is the principal electrical condition to be 
avoided with a choke coil? 

Ans. Resonance. For this reason choke coils should not be 
used in connection with cable circuits over M mile in length. 

Ques. If a choke cml be not used, what is the effect? 

Ans. The end turns of a transformer must stand the extra 
voltage imtil the lightning arrester can perform. The choke 
ccnls therefore, help to protect the end turn of the transfcnmer 
or other electrical machinery being protected. 

TEST QUESTIONS 


1. What is a lightning arrester? 

2. How does lightning affect electrical circuits? 

3. Are lightning arresters intended to take care of direct 

strokes? 

4. Upon what does the magnitude of the voltage induced 

on a line when a cloud discharges, depend? 

5. What is the nature of a lightning discharge? 
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6. Give definitions of technical terms relating to lightning 

arresters. 

7. Give classification of lightning arresters. 

8. What is the difference between an arc and a spark? 

9. What is the difference between an arrester for a 

grounded Y and non-grounded neutral system? 

10. Describe a valve type arrester. 

11. What is the follow type arrester? 

12. Upon what does the protective ability of a lightning 

arrester depend? 

13. What are air gap arresters? 

14. Give the operating cycle of a lightning arrester. 

15. What is a pellet arrester? 

16. Describe the construction of a compression chamber 

arrester. 

17. For what service are compression chamber arresters 

used? 

18. Of what does an oxide film arrester consist? 

19. Can oxide film lightning arresters be operated at a low 

voltage temporarily and later at a high voltage? 

20. Describe the operations necessary in putting oxide 

film arresters in commission. 

21 . When is the pellet type of arrester used and when is 

the oxide film type used? 

22. What are the essentials for giving satisfactory light* 

ning protection to electrical machinery? 

23. Give the method of grounding for pole type lightnirig 

arresters protecting distribution transformers. 

24. What means are available to determine which arrester 

gives the best protection? 



2,554 


Lightning Arresters 


In designing lightning arresters, great attention i^ usually 
paid to low spark voltage, but another fundamental principle, 
namely a high discharge rate is often neglected. ^ 


To be effective an arrester must not only discharge at small riste in vdt- 
age, but it must discharge quickly a large quantity of lightning in order 
that the apparatus may be immediately relieved of the lightning vcdtage. 

An arrester may have both a low spark voltage, and a high discharge 
rate and yet a third fundamental principle of low maintenance may not 
be met . Low maintenance does not permit the arresters to be fragile, either 
in handling or service. As the vacuum tube arresters are of strong con- 
struction throughout, rough treatment does not affect them. Low maino- 



Fig. 4,441. — Genmd Electric 400 ampere. 25,000 volt inverted choke coil. 


tenance requires the life of the tube to be long so that replacanents are a 
minimum . This means the arrester must be so constructed that the vacuum 
is always retained and the current carrying parts are not affected by seme 
lightning discharges. 

The vacuum tube arrester will not stand a continuous flow of current 
as excessive heating resulting will soften the sealing compound. If there be 
a possibility of the circuit crossing up with one of higher voltage, fuses 
i^uld be put in series with the arrester. 


Chfdte Coils . — A lightning discharge is of an omllatory 
chofacter and possesses the property of self induction, accordingly 
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The type of choke coils must be influenced by the condition of/insulation 

in the transformers as well as by the cost, pressiu% regulatioli and tte 

nature of the lightning protection required . ^ 

Ques. What is the primary object of a choke cml? ^ 

Ans. To hold back the lightning disturbance frtsn the 
apparatus during discharge so as to permit the lightning arrester 
to function properly. If there be no arrester, the choke coil 
cannot add any protection. Accordingly, a choke coil should 
only be considered as an auxiliary to an arrester. 

Ques. What is the principal electrical condition to be 
avoided with a choke coil? 

Ans. Resonance. For this reason choke coils should not be 
used in connection with cable circuits over Vi mile in length. 

Ques. If a choke cml be not used, what is the effect? 

Ans. The end turns of a transformer must stand the extra 
voltage until the lightning arrester can perform. The ch(^ 
cdls therefore, help to protect the end turn of the transforms: 
or other electrical machinery being protected. 

TEST QUESTIONS 


1 . What is a lightning arrester? 

2. How does lightning affect electrical circuits? 

3. Are lightning arresters intended to take care of direct 

strokes? 

4. Upon what does the magnitude of the voltage induced 

on a line when a cloud discharges, depend? 

5. What is the nature of a lightning discharge? 
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6. Give definitions of technical terms relating to lightning 

arresters. 

7. Give classification of lightning arresters. 

8. What is the difference between an arc and a spark? 

9. What is the difference between an arrester for a 

grounded Y and non-grourvded neutral system? 

10. Describe a valve type arrester, 

11. What is the folbw type arrester? 

12. Upon what does the protective ability of a lightning 

arrester depend? 

13. What are air gap arresters? 

14. Give the operating cycle of a lightning arrester. 

15. What is a pellet arrester? 

16. Describe the construction of a compression chamber 

arrester. 

17. For what service are compression chamber arresters 

used? 

18. Of what does an oxide film arrester consist? 

19. Can oxide film lightning arresters be operated at a low 

voltage temporarily and later at a high voltage? 

20. Describe the operations necessary in putting oxide 

film arresters in commission, 

21. When is the pellet type of arrester used and when is 

the oxide film type used? 

22. What are the essentials for giving satisfactory lights 

ning protection to electrical machinery? 

23. Give the method of grounding for pole type lightning 

arresters protecting distribution transformers. 

24. What means are available to determine which arrester 

gives the best protection? 
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25. Describe the requirements for grounded dpd un- 

grounded neutral circuits. 

26. How should grounded connections be made? 

27 . Describe the horn gap arrester. 

28 . What is the construction of an electrolytic arrester? 

29. What are vacuum tube arresters? 

30 . Wiiat is a choke coil used for? 

31 . What is the principal electrical condition to be avoided 

with a choke coil? 

32 . If a choke coil be not used, what is the effect? 
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CHAPTER 82 

A. C. Ammeters and 
Volt Meters 


Alternating current ammeters or volt meters indicate the 
pirtual values of the current or pressure respectively, that is to 
say, they indicate, the square root of the mean square of a variaMe 
quantity. 

The virtual value of an alternating current or pressure is 
equivalent to that of a direct current or pressure which would pro- 
duce the same effect. 



Plo. 4,443.— 4 Hm com of attamatiiiK camnt. tUustmting various current or prerean v aln aa i 
tha virtual vataa. or .707 Xnuudimim vahia, is the value huHwted by «aBiBMjw ar vy 
aaetar. Thik, if the vi4ue of the current he 100 volte, the virtual vreua as wm- 

oatod by an ananeter ie 100 X.707 <■70.7 amperae. 
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For instance an alternating current of 10 virtual amperes wi]| produce 
the same heating effect as 10 amperes direct current. 

The relation of the virtual value of an alternating current to 
the other values is shown in fig. 4,443. When the current fol- 
lows the sine law, the square root of the mean .square, ve^ue of 
the sine functit^ is obtained by multiplying their maximum 

value by 1 + V'2, or .707. 

The word effectiTe is awnmonly used erroneously for virtual, 
even among the best writers and the practice cannot be too 
strongly condemned*, t The difference between the two is 
illustrated on page 1,^, fig. 1,957, the mechanical analogy 
here given may make the distinction more marked. 

In the operation of a steam engine, there are two pressures acting on 
the piston: 

1 . The forward pressure; 

2, The back pressure. 

The forward pressure on one side of the piston is that due to the live 
steam from the boiler, and the back pressure, on the other side, that 
which exists during the pre-release, release and pre-admission periods. 

In order that the engine may run and do external work, it is evident 
that the average forward pressure must be greater than the averse bade 
pressure, and it follows that the pressure available to run the engine is the 


’('NOTE. — adhere to the term virtual, as it waa in use before the term efilcace whtdi was 
recommended in 1889 by the Paris Congress to denote the square root of moan equare oahut. 
Tba corresponding English adjective is efficacious, but some engineers mistranslate it with 
the word effective, I ^here to the term virtual mainly because effective is required in iti 
usual meaning in kinematics to represent the resolved part of a force which acta obliquely to 
the line of motion, the effective force being the whole force multiplied by the cosine of the 
angle at which is acts with respect to the direction of motion. — S, P, Thompson 

tNOTE.--*The author adheres to the term virtual b^use in mechanics the adjective ef* 
foam is used to denote the difference of two opposhig forces; for instance, at any imtamh 
in the pperatioii of a steam engine, effective pressure mmeraie forward preseure— ornate hack 
pretmre, hence, to be consistent in nomenclature, the term effective cannot be used lor the 
Ibrwardi or virtual pressure, that is. the pressure impressed on an edectric circuit. 
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difference between these two pressures, this pressure difference being known 
as the effective preeeure, that is to say 

effective pressure ^overage forward pressure —average back pressure 

Thus, ‘electrically speaking, the dfective voltage is that voltage which 
is available for driving electricity arormd the circuit, that is, 

effective voUs ^virtual voUs—back volts 

’^virtual pressure— {virtual pressure— drop) 

In the case of the steam engine, the forward pressure absolute, that 
is, measured from a perfect vacuum is the virtual pressure (not ooosider* 



Figs. 4,444 and 4,445. — Steam engine tndieator cturde iUMStraUns by mteJumical analogy, the 
of the term attectioa as applied to the preaeuie of an alternating current. ‘The 
card fig. 4,444, lepreaenU the performance of a steam engine taking ste^ at 60 lbs. (gauge) 
pteesure and exhatisling into the atmesidiere. The exhaust line being above the atmos* 
iriieric line shows that the friction encountered bjr the steam in flowing through the exhaust 
pipe produces a bac^ pressure of two lbs. Hence at the instant represented by the ordinate 
y, the afaettoa proooura is 60 -2 -58 lbs., «r using mbooluia pressures, 74.7 -16.7 -88 
Bm., the r<rfu«fpressurebeing60 lbs. gauge, or 74.7 lbs. absolute. Now, the hock pres* 
aura may be considerably reduced by exhausting into a condense as represented by the 
■ csri, fig. 4,44b. Here, most of the pressure of the atmosphere is removed firora the ea* 
banst, and at the iiMtant y, the back laessure is only 6 lbs., and the effective ptessuiie 74.7 — 
6—68.7 lbs. Thus, in the two cases for the some virtual pressure of 60 lbs. gauge or 
74.7 lbs. absolute, the affeettva pressures ore 58 lbs. and 68.7 lbs. respectively. 


ing the source). The back pressure may vary widely for different con- 
ditions of operation as illustrated in figs. 4,444 and 4,445. 


In the measurement of alternating current, it is not the aver- 
age, or maximum value of the current wave that defines the 
current commercially, but the sijuare root of the mean sguare 
value, because this gives the equivalent heating ^ect refearred 
to dimet current. There are several typ^ of instrument for 



,„d Volt Motors 
■ C Atotooters and v 

„d «>e, n«y '■e “ 

,tin![ cuirent, an* wey . j^uction; \ 

measurM 4- Dyna®'®®^' 

1. Electro-^ 

2. Hot wire, iBStruments. t 


rt of tha pi* IS !«<>• 
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An objection to the moving iron type instruments is that 
they are not independent of the frequency, wave form, or tem- 
perature and external magnetic fields may affect the readme 
temporarily. 

There are several forms of moving iron ammeters, which may 
be classified as: 



ako. 4,447.— General Electric horiaontal edgewise type ammeter. 

1. Plunger; 

2. Inclined coil; 

3. Magnetic vane. 

hunger Type. — ^This form of electro-mi^netic or moving 
iron instrument consists of a series coil and a soft iron plunger 
forming a solenoid, the plunger is so suspended that the mag- 
netic pull due to the current flowing through the coil is balanced 
l^y gravity, as shown in fig. 4,448. 
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In order ^ adapt 
the instrunWt to 
alternating wrrent 
the plunger Ihould 
be laminateil to 
avoid eddy ' cur- 
rents. 

The scale is luit 
uniform and diould 
be hand made and 
calibrated undor 
the conditions for 
which it is to be 
used. 

An objection to 
the plunger type 
ammettt’ is that 
they are large and 
expennve because 
the coU carries all 
the current. In in- 
stalling a plunger 

LIME LINE 

Kio. 4,448. — Phtnger ftem of dectzo-i stic or moving iron type of anuneter. 

ammeter, the instrument should be carefully leveled, because gravity ia 
the contrcdling force. 

fiDteiined Coil Type. — ^This form of electro-magnetic or moving 
iron instrument consists of a coil mounted at an angle to a 
shaft carrying a vane and pointer, as shown in fig. 4,449. A 

NOT £« — Thm early volt meter had a lever, on one end of which was a weight, adjuitabie 
by the mimber of shot in a brass cylinder, and on the other end, was an iron wire phtnger 
which extended into a solenoid. Incandescent lamps were ttaed as resistance in seri^ wjlh 
tbs solenaid. When the applied voltage was at a normal value, the pull of the aoUttioid wie 
Inst sufficient to cause the pointer attached to the lever to point vertically . There were no 
graduations on the, scale. This volt meter was soon supeaeded by one in which German 
ifiver resistance rer^aced the lamps. The needle of the early ammeter traversed a ctreular 
dial under the action of a plunger in the solenoid which carried the main citrraat. la the 
latter form, the mechanism was simpler, and the defiectkm was indicated on a scale near Hm 
boHom of the instrument. 
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^ring forms the controlling force 
and holds the pointer at zero 
when no current is flowing. 



^^PIVOT 

Fig* 4*449*<— Inclined coil form of electro^megnetic or moving iron instrument. 



Fig. 4,450. — ^Kelvin solenoid principle. 
This utilizes the attracting or **8iidc« 
ing'* effect of an energised solenoid to 
pull an iron core, attached to a suit« 
ably pivoted pointer, and produce di« 
rect deflection over a calibrated 
scale. In conatriusiian S, is the 
winding of the main solenoid, wound 
around the iron plunger P* whidb 
moves in a glass tube containing <dl 
to damp the motion. The bearings 
B, are rigidly attached to the base 
casting. The pointer I, is attached to 
a steel knife edge, which rests in the 
V shaped highly poliriied bearings B. 
Also attached to the pointer and kntfie 
edge is the circle segment G, wirii a 
groove in its circumference « in 
runs the fine silk thread T, connect* 
ing the plunger to the movement, in 
operation, as soon as current fknvi 
through the solenoid S, it exerts a 
downward pulling effect on the 
plunger, which, in turn, pulls on the 
segment C, and produces a move* 
ment of the pointer. The knife edfS 
bearings simjdy rock as the pointer 
moves, thus producing an inexpen** 
ssve frictionless hearing without xe* 
sorting to the use of pivots and Jew* 
els. The counterweights C C', 
oppose this motion; therelofe hf suit- 
aldy owking the scale, the dafiec^^ 
becomes a measure ol the cunwt. 
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In operation, when a current is passed through the coil, the iixin tends 
to ^e up a ]^ti(Hi with its longest sides parallel to the lineslof force, 
which results in the shaft being rotated and the pointer moved on the 
dial, the amount of movement depending upon the strength of the c'.trrent 
in the coil. \ 


Magnetic Vane Tjrpe. — This form of electro-magnetic or 
moving iron instrument consists of a small piece of soft iron or 
vane mounted on a shaft that is pivoted a little off the center of 



Fig. 4,451. — ^Magnetic vane form of ekctro-magnetic or moving iron instrument. 


a anl as shown in hg. 4,451 , and carrying a pointer which moves 
over a scale. 

In operation, a piece of soft iron placed in a magnetic field 
and free to move, will move into atch position as to conduct the 
maximum number of lines of force. 

The current to be measured is passed around the coU, i»X)duci^ a mag- 
i»tic field through the center of the coil. The magnetic fidd inside the 
coil is strongest near the inner edge, hence, the vane will move agaimt 
the restraining force of a spring so that the distance betweoi it and the 
inner edge of the coil will be as small as possible. 
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The operation of moving iron instruments of the plunger type may be 
explained by saying that the current flowing in the coil produces a pole 
at its end and induces an unlike pole at the end of the plunger nearest 
the coil, thus attracting ihe plunger, as illustrated in fig. 4,460. 


Hot Wire Instruments. — Ammeters and volt meters of this 


class depend for their operation on the expansion and contrac- 
tion of a fine wire carrying either the current to be measured 






Figs. 4 ,452 to 4 »457 . — Principle of moving iron repuhiion instrumenU. If direct current be sent 
through the two small pieces of iron suspended vertically withm a solenoid by thread as in 
fig . 4 ,452 , they wtU become magnetised and since they are in the same magnetic field both will 
be affected thesame, and willrepeleach other asin fig. 4, 453. If the current be sent through 
the solenoid in the opposite direction the result will be the same. Next if the coil be laid 
on ita side and the two pieces of iron be placed within it horiaontaliy as in fig. 4,455, one 
fixed and tne other free to move and a cwent be passed through the solenoids the two 
pkMfies of iron Witt repdaadioth^ Ifana.c. be used instead of d.e. and it reverse with 
sufficient frequency, the polarity of the two pieces of iron will reverse in step widi tho cur* 
rent and they willrepeleach other as befbce. Hence on employing this principle in ii^ru* 
sttent construction two curved pieces of iron are used, one fixed and the other pivoted so 
liOt It OttlrotamwtMmeleetricaUyiepeUed from the fixed iron as in fig. ^ Apointer 
attached tothemovablsiiim moves over a graduated scale. . 
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FM. 4t458.<«->J«wen moving element of repultkm iron vane type inttnnnent. tt eontlilf o/ 
an aluminuin shaft to which is attached the iron vane, the balance cross, the prater and the 
•pring clip. The 7 in. inttnnnent moving element can be seen to consist of an aluminum 
shaft with a shoulder swaged on its upper end, on which rests the fan support, the balance 
CPOis and spring clip, the pointer being attached to the forward end of the balance Cross. 
The iron vane with its support is riveted to the shaft with a tiny rivet, which makas it a 
pemiaiMiit asmmbly. 



IhO. 4, 4fi9.^}esreU repulsion ira vine typ^ 
tasMtficsi b et s m c n Am Aav eaasi wkkk art mat n iAiid ly ike mermmdiHi wiu 
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The expansicm or contraction of the wire is caused by tem- 
perature changes, which in turn are due to the heating dfect 
of the current flowing through the wire. 

Since the variations in the length of the wire are extremely 
small, considerable magnification is necessary. Pulleys or 
levers are sometimes used to multiply the motion, and some- 
times the arrangement shown in fig. 4,461. 



Pio, 4,460. — SdhaioMi and plunger illu9tratin0 the operation of mooing iron instrumonU* 
When a current flows through the coil, a held is set up as indicated by the dotted lines oi 
force. The current flowing in the direction indicated by the arrow induces a north pole 
at N, which in ttum inducesr a south pole in the plunger at S, thus attracting the plunger* 
The effect of the Held upon the plunger xxuy also be stated by saying that it tends te 
cause the plunger to more in a direction so as to conduct the maximum number «/ lines offeree, 
that is, toward the solenoid. Thus if ABCD» be the initial position of the plunger only five 
lilies of force pass through it; should it move to the position the number d linea 

passing through it will ^n be 9, assuming the held to remain unchanged. 

As here shown A, is the active wire carrying the cvirrent to be measur^ 
and stretched between the terminals T and T'. It is pulled taut at its 
middle p(^t by another wire C, which carries no current, and is in its 
turn, tight by a thread passing round the pulley D, attached to tiie 
pester spindle, the whede s)^tem being kept in tension by the spring E. 

Hot wire instruments are equally accurate with alternating « direct 
curreffit, but have cramped scales (since the defl(»:tion is propational to 
the square of the current), and are liable to cre^ o^ng to unequai 
eapan^on of the parts. There is also the danger that they may be busnt 
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out with even comparatively small overloads. They are not 
magnetic fields but consume more current than the other t; 
readings are inaccurate near either ord of the scale. 


fectedby 
Bs, these 
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Indnctioii Instmmeiits. — These were invented by Ferraris, 
and are 8(»netimes called after him. They are for alternating 
current only, and there are two forms: 



Pic. 4»^464.«-~I>Uigram of Hoddns modified. iiidiiction type ifistrument in which the torque It 
produced from the direct repulsion between a primary and a secondary » or induced cunent. 
As ahown^ the instrument embodies the principle of a short circuited transformer^ conristing 
of a primary or exciting coil A, a secondary or closed coil B, linked in inductive relation to the 
primary by a laminated inm core C, constructed to give a completely closed magnetic eircait* 
that is, without air gap. The secondaiy is so mounted with respect to the primary astobavo 
a movement under the influence of their mutual repulsion when the primary is traversed by an 
altecnating current. This movement of the seccmdary B, is oppo^ by a s(wal spring, so 
that the extent of movement will be dependent upon and will indicate the strength of the 
primary cunent. To increase the sensitiveness of the instrument and also to adjust the con* 
tour of the scale, an adjustable secondary D. which has an attraction effect upon the coil is 

provkled Upon the core. The effect of this coil is inversely proportional to iu distance from 
theandof the swingof the coil B. The vane. £, which is a part of the stamping B. is adjusted 
to ssring freely and with alarge amount of clearance, between the poles of a pmnanent mag* 
net F. vhkdi acu as a damper on the oscillation of the moving element, but does not cause 
any Irictkm or affect the accuracy of the calibration. The primary, like that of a tranatomert 
ie an in^pendent electrical circuit and mav be highly insulated. 
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A, or sometimes a drum and a laminated magnet B. i Covering 
some two-thirds of the pole faces are two copper plates or 
^elds C, and a permanent magnet D. \ 

In operation eddy currents are induced in the two copperJ; plates or 
shields C, which attract those in the disc, producing in consaquence a 
torque in the direction shown by the arrow, against th'. opposing action 
of a spring. Magnet D, damps the oscillations. 



Fib. 4,46S.— JewaU Biastar cumat u u rf eraier. It bar baea dengaed to fill tbe raqoinmeala 
of cumat oieaaireineBt up to 100 amperes to oonoectioo witii a 5 ampere inatnunant. It 
is rated at 10 volt amperes and this rating: permits tbe use of a watt metm- and ammeter 
of numimum acctuacy in senes. 

Botary Field Type.— The parts of this form of induction in- 
strument are arranged similar to those of watt meters, the 
necessary split phase being produced by dividing the current 
into two circuits, one inductive and the other non-inductive, 
or a definite proportion of that current. 
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Cnrreiit and Potential Transformers. — Where switchboard 
instruments are to be used on currents higher than the listed 
internal or self-contained values, or in any case where the volt- 
age is over 750 volts, it is universal practice to use transformers. 

Current transformers are suppli^ to reduce the line currmit 
by a definite ratio so that a 5 ampere instrument may be used. 
They also serve to insulate the instrument from the voltage 
of the line, and should always be selected so that their voltage 
rating covers the voltage on which they are to be used. 

Potential transformers are used to reduce the line voltage 
by a definite ratio so that the instruments having a nominal 
voltage range of 150 volts may be used. 



Fic. 4,46C— Jawdl potantial tnmforiBer. Rated at 25 volt ampena. and wffl anpiy taka 
cam ol the Iw * of aevarai iostnmieDU. The relative polarit:^ of the terminaia ia clearly 
inerkHi ao that watt aaatem and power factor metera can be connected up, knowing that 
they win indicate cortectly. * 

In SMkcting current transfcuiners the endeavor should be to make the 
primsury rating equal as nearly as possible the full load currmt to be meas- 
ured. it is not good practice to use an instrument transforoMr with a 
rainge connderaldy higher than ncnmal load, because the secondary cur* 
rent ja then low in the case of power hictoi meters and wirtl mstors 
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the torque will be low and the ratio of transformation does^not hold so 
well as at low values. | 

Example , — 100 h.p. 3 phase, 220 volt motor will draw about 250 
amperes at full load. A 250 ampere transformer would be quite satis^ 
factory for this application and would take care of occasional overloads 
with perfect satisfaction. 

Current transformers are universally designed for a secondary current 
of 5 amperes for the nominal primary current rating. Special trans- 
formers should be avoided wherever possible because they are expensive 
to design and build. 



9n», 4,467. — ^Jewell two wire current tramfonner. Ifarted capacitiee from 5 to 400 ampana 
incluaive, for a nominal Mcondaiy reading of 5 amperea and ia rated at 15 volt ampeiea. 
This type will function satisfactorily at any frequency from 25 to 133 cycles and is innilated 
for 3,300 volts. 


Where overloads are expected and it is desired to read them on the in- 
strument, it is entirely in order to use a 6 or 7 ampere instrument to read 
that overload. For example, in the case dted above, instead of cali- 
brating the instrument to 5 amperes with a 250 ampere stale, it could be 
calibrated to 6 amperes with a 300 ampere scale. This is regular pmcdoe 
on many applications. Watt meters may also be calibrated on a banis ot 
this sort, (Wing a higher current for the nominal reading, ^us making 
the watt range of the scale sufficiently high to cover occanonal ovedkiods. 
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Current transformers have a nominal ratio as given in manufacturers’ 
listing. Ratio and phase angle curves are not regularly furnished, but are 
available when desired in the form of typical curves. Transformers run 
so nearly uniform that curves on.specific units are rarely necessary and the 
typical curves will usually cover all requirements. 

Potoitial transformers are rated for a nominal secondary voltage of 110 
v<dts. That is, a 220 volt transformer has a secondary voltage of 110 
vcdts, and has a ratio of 2:1 . Where the primary voltage is rated in terms 
of 115 volts, then the secondary is also 115 volts, so that an even ratio 
is always supplied. 

Often 2300/110 volt transformers are selected, which is in error; what 
is actually supplied by the manufacturer is a 2300/115 volt transformer, 
wluch is identical with a 200 /lOO volt transformer. 


TEST QUESTIONS 

1. What kind of values of the current or pressure do 

a.c. ammeters and volt meters indicate? 

2. What is the virtual value of an a.c. current or pres-- 

sure? 

3. Describe a sine curve and indicate the various cur- 

rents or pressure values. 

4. Name several types of a.c. ammeters and volt 

meters. 

5. Describe the electro-magnetic or moving iron instru- 

ments. 

6. Name two forms of moving iron ammeters. 

7. Describe the plunger type. 

8. .How does the inclined type work? 

9. Of what does a magnetic vane type consist? 

10. How does a magnetic vane instrument work? 

11. Describe the construction and operation of hot wire 

instrwnerUs. 
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12 . Who invented the induction type instruments? 

13. Name two types of induction instruments\ 

14. Of what does the shielded pole type inductidn instru- 

ment consist? \ 

15. Describe Hoskins' modified induction instrument. 

16. How does the rotary field type of induction instru- 

ment work? 

17. What are current and potential transformers used 

for? 

1 ^. How should current transformers be selected? 

19. How are potential transformers rated? 
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CHAPTER 83 

Dynamometers 

A d3mamometer is used to measure polls, amperes, or waUSt 
its operation depends on the reaction between two coils when 
the current to be measured is passed through them. One of the 
coils is fixed and the other movable. 

Hie fixed coil is composed of a niunber of turns of wire, 
and fastened to a vertical support and is surrounded by a 
movable coil composed of a few turns or often of only one turn 
of wire. 

The movable coil is suspended by a thread and a spiral spring attached 
to a tortion head which passes through the center of a dial. Tbe ends 
of the movable coil dip into mercury cups, which act as pivots and dec* 
trical contacts, making connection with one end of the fixed and <me 
tenninal of the instrument as shown. 

The tortion head can be turned so as to place the planes of the coils 
Id right angles to each other and to apply tortion to the spring to oppose 
the ddlection of the movable coil for this position when a current is passed 
throu^ the coils. 

A pdnter attached to the movable coil indicates its position on the 
graduated dial between the two stops. Another pointer attadied to the 
tortion head performs a similar function. 


In the operation of a dynamometer when current is passed 
through both coils, the movable coil is deflected against one of 
the stop pins, then the tortion head is turned to oppose the movement 
until the deflection has been overcome and the coil brought bock 
to ifs original position. 
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The angle through which the tortion head was turned, being propor- 
tional to the square root of the angle of tortion, the current strength in 
amperes is equal to the square root of the angle of tortion multiplied by 
a calculated constant, furnished by the maker of the instrument. 


When measuring watts, a dynamometer should be so ar- 
ranged that one coil carries the main current, and the other a 
small current which is proportional to the pressure. 



Fig. 4,468. — Diagram of Siemeiia' dynamometer. It conaUU of two coHs on a commcm axk 
but set in planes at right angles to each other in such a way that a torque is produoed be* 
tween the two coils which measures the product of their currents. This torque is measured 
by twisting a spiral spring through a measured angle of such degree that the coils shaU 
resume their original relative positions. When constructed as a volt motor, both coils am 
wound with a large number of turns of fine wire, making the instrument sensitive to small 
currents* Then by correcting a high resistance in series with the instrument* it can be 
connected across the terminals of a circuit whose voltage is to be measumd. Wkon om* 
stfucted as a watt motor, one coil is wound so as to carry the main current and the otbeC 
made with many turns of hna wire of high resistance suitable for connecting across tbe 
^circuit* 


Flo« 4,469 .-*4*eeds and Northrup oloetrth^tmmomotor^ It is a reliabU imtrummt Jor tkl/ 
vrmsmU of aUemating currents of commercial fre^ueneies. 
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No iron or other magnetic material should be used in the ccmstruction 
of a dynam<nneter because of the hysteresis losses occasioned thereby. The 
frame should be of non>conducting material so as to avoid eddy currents. 

For the precision measwement of alternating current and voltage, and 
for the measurement of watts and other relations between two quantities 
the dynamometer type of movement is necessary. 

The essential parts of a dynamometer movement are the fixed coils 
and their supports, the moving elemoit and the damping means which 



iPtC. 4,470. — Dynamometer type ammeter, if the stationary and movable coila be connactad 
in aeriea and shunted, the instrument is an ammeter; i f the two coils be in aariea and alaa 
in $me$ with a high resistance multiplier, the instrument is a voU meter; and if the low 

stationary coil be in the line in aeriea and the movable coil be in aeriaa with a kigh 
resistance and t hen placed across the Une, the instrument is a direct reading watt meter. The 
torque in any instrument: T «>k^l (motor action formula). If the two coils be in series, 
then the ^ set up by the stationary coil is proportional to I , and the torque therefore is pro* 
portional to I>. Thereiore for ammeters and volt meters this instrument has a “equaled 
scale.*' Such an instrument may be used on alternating current, because if the current 
to negative, then ^ is negative and 1, is negative and the direction of the torque 
from the left hand rule for motor action, remains the same. The instrument may be miide 
appcmdmately dead beat by aluminum vanes which move in air compartmenU. As the 
moves, the vanes move in the compartment and the air moving from one side to 
the other of the vane slows down the motion so that the needle does not attempt to follow 
all the minute ductuations of the current. In the diagram the sutlonary coil cai^ all 
the cunent and sets up the dux The movable coil is shunted by the shunt as stiowa. 
The torque eet up between the coils tends to twkt the movable coil and needle to the right 
itdodkmiat looking down on the coil) and this motion is opposed by the two springs. 
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Fic. 4»471. — Hickok dynamometer movement for ammetem* volt metara and watt meUni. 
It contains but two coils, a fixed held oml and a moving cx»l surrounding the field o^ in 
such a manner that the resultant torque between the two coils is uniform throughout a 90^ 
nxrvement of the moving coil, which gives a uniform scale in the watt meters and a iini« 
fdmUy increasing scale in the volt meters and ammeters. The frame wcn'k of the move* 
ment is cast in one piece from an instilating material and contains a semi-tircular chamber 
in which moves an aluminum dampening vane which is attached to the moving coil midcii^ 
the instrument very **dead best." 


In the use of the electro^ynamometer principle 'for a basis 
of design for alternating cuurrent instruments, recourse was had 
to the simplest and most direct known manifestation of the 
presence of electrical currents by which these currents may be 
measured. In other words, the moving coil dynamametar 
principle of operation is the most direct method fot measuriog 
currents and their relations to one another axid, at the same 
time, results in the best answer to the problan of produch^ 
in^niments which would be of most general applicabiUty and 
of kteal ccoistructiim. 
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This principle of operation is iiaed with only a slight modifica- 
ti<Hi for the producticm of volt meters, ammeters, single and 
polyphase watt meters, power factor meters and frequency 
meters. 

This is an ideal omdition firom botli the manufacturing and 



rw. l.iTI Jiwiil i lTiMM i witir nn-rr — * -***• ^*** “f —“g— « 


points of view when practically one mechanism or 
movement can be developed and used for su^ a wide variety erf 
purposes, and fof all kinds of applications, throughout the vm- 
ous activities of industry, requiring measurements of electrical 
quantiti^. 


NOX1B.— Tn dtaVMimaiiMtw uaed for watt oieten the eUtkaunr coito m 

wwiadforcurtent, and the movable coito for vrttage. currrot i» conduc ^ to ^ m ovtoK 
«« through controBh^ The p^ter i« 

imguoa. ao aa toctwB aa untana acale aa m pom^. — — 

■>«u aoar the ia an advantage, aa it givaa better indica t iooa at the man important 

woiklmi^ ImeIiv 
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TEST QUESTIONS 

1. What is a dynamometer? 

2. Describe the Hxed and movable coils. 

3. How is a movable coil suspended? 

4. What happens when current is passed through both 

coils? 

5. How is the current strength measured by a dyna^ 

mometer? 

6. How should the instrument be arranged when 

measuring watts? 

7. For what kind of measurement is the dynamometer 

movement especially adapted? 

8. Describe Siemens' dynamometer. 

9. Should magnetic material be used in the construction 

of a dynamometer? 
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CHAPTER 84 

A. C. Watt Hour Meters 

By defmitioa, a watt hour meter is a watt meter that will 
register the watt hours expended during a period of time. 

Wait hour meters are often erroneously called recordUng or 
integrating watt meters. 

A watt hour meter consists essentially of: 1, a motor, the 
^eed of the rotating element of which is proportional to the 
power to be measured, and 2, a registering mechanism conneeti 
thereto by suitable gearing. 

There are several types of a.c. watt hour meter, which ma 
be classified as 

1. Induction type; 

2. Faraday disc type. 

Qn e s. What are the essential parts of a watt hour meterT 

Ans. A motor, generator, and counting mechanism. 

Ones. What ir the function of the motor? 


NOTE.— tnmeeuraeg always tntans loss to tks If a TO 

it — — a diiact loaa of income, if it run fast, it will make a dissatisfied customer aM wawt 
la Ws good will and confidence, airf in both rases it will wt «nw»y ^ r radjurt ^ 
t0 aocciracy ffinintikiti it. It might be well to point out that t^ te tatemy 

oCmteniis alow rather than fast, which is at variance with opinkm of the genes^ 

piditiR. 
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Ans. Since the motor runs at a speed proportionsil to the 
energy passing through the circuit, it drives the counting mech- 
anism at the proper speed to indicate the amount of \energy 
consumed. 


Ones. Wliat is the object of the generator? 

Ans. It furnishes a suitable counter torque or load for the 
motcn*. 

Ones. Is th^e any other resistance to be overcome by the 
motm*? 

Ans. It must overcome the friction of all the moving parts. 

Ones. Is the fnction constant? 

Ans. No. 

Qaes. What provision is made to correct the error doe to 
IHction? 

Ans. The meter is compensated by exciting an adjustable 
auxiliary field from the shunt or pressure circuit. 

Ones. What is the construction of the generator? 

Ans. In nearly all meters it consists of a copper or aUiminum 
disc carried on the same shaft with the motor and rotated in 
a magnetic field of constant value. 

Ones. How is the counter torque produced? 

Ahs. When the disc is rotated in the magnetic fit^, eddy 
currents are induced in the disc in a directum to ofippcm the 
motion which produces them. 
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Ques* What meter is chiefly used on a.c. circuits? 
Ans. The induction meter. 


How a Single Phase Induction Watt Hour Meter Works. — 

As is well known, the induction meter is simply a highly special- 
ized type of split phase induction motor driving an aldy cur- 



tGS. 4,473 to 4,475.~^Di8a88embted view of electro-magnetic structure of Saugamo single phase 
induetkm watt hour meter. 


rent generator, the parts being so proportioned and disposed 
as to produce rotation at a speed in direct ratio to the power 
passing in the circuit; that is, each revolution corresponds to 
a definite quantity of electric energy which is totaled on a 
revolution counter, calibrated to read directly in energy units. 

Various makes of induction watt hour meters differ sorne- 
wfiat as to arrangement and construction of the working parts, 
but the principles involved are practically the same in all. 
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The eddy current generated has a permanent magnet fieild 
and the motor an electro-magnetic field. \ 

There are three principal torques: 

1. The propelling torque of the motor element; 

2. The retarding torque of the generator; 

3. The retarding torque due to jfiiction. 



Fig. 4»476.- -Asaembled view of electro-magnetic structure of Sangamo single phase watt hour 
meter. 

The torque of the motor element is always proporiional to 
ihe true watts delivered to the load. 

The retarding torque of the generator varies directly with the 
speed of the disc. 

The retarding torque of friction is the same for all speeds 
(this will be understood readily by comparison with the well 
known Prony brake). 

The propelling torque for any speed is of course equal and opposite to 
the s|iin of the two retarding torques. 
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The motor element has two windings. 

One of them, known as the current coil, is connected in series with the 
load, and the other known as the voltage coil, is connected across the line 
and since it has a high impedance, carries a current proportional to the 
voltage of the circuit. 



Fko. 4.477 .--Suicittiio ttngle phase inductive wstt hcMir meter The msin grid csnriee tbS 

moving system, the permanent magnets, the register and the adjustments. It is of cast 
Iron, in one piece, and accurately machined so as to provide definite and permanent location 
for all the various parts that are attached thereto, and these in turn are located in definite 
position to the motor magnet system by the mounting of the grid upon three posts cast in 
the bape. The base of the grid is solid, and taken together with the base of the meter proper, 
forms a practically continuous magnetic shield around the motor magnets, thus protecting 
the permanent magnets from any demagnetising field that may be set up by short circuit 
currents through the series coils. The full load and light load adjustments are located at 
tbt bottom of the grid and are accessible from the front, in mmmmbUngf the permanent 
magnets go in first and are clamped down solid on the two brass posts provided in the grid 
near the tip of the shupt magnet; then the moving system with its bearings and finally the 
register are inserted. 

The split phase effect is secured by winding the current coil 
with very few turns, so that it is virtually non-inductive, and 
by winding the voltage coil with a large number of turns and 
supplying it with a magnetic circuit of low reluctance, thus 
creating a circuit of high reactance. 
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ka a. tesuit current in the voltage coil is made to lag almo^ 90* 
t diind the impressed voltage . ' 

The voltage coil with its core is referred to commonly as the “vdltage 
electro-magnet” and the current coil with its core as the ‘‘current de^o- 
magnet.” 

In order to make the flux from the voltage electro-magnet lag exactly 
90* behind the flux from the current electro-magnet when the poww 
factor of the load is 1.0, an inductive load adjustment plate is used, as 
will be explained later on. Reference to fig. 4,481 will show that these- 
two fluxes are constantly changing in direction and magnitude, but that 
at all times the flux from the voltage electro-magnet lags exactly 90* 



Fio. 4,478. — Instrument shaft illustrating end play and side play. In the exaggerated view 
A, is the shaft with glasshard, pointed ends and sapphire jewels B and B. The total dis- 
tance C4*D, that the shaft can move from end to end is called the end play and the dis- 
tance E, that the pivot can move from one side of the jewels to the other is called the sida 
play. End play and side play are usually only a few thousandths of an inch and upon the 
correctness of this detail depends much of the success of the instrument. An important 
rule of instrument repairing is: never screw the jewel screws in until they clamp or pinch the 
moaing element; even once may ruin the pivots. Correctly designed jewels and pivots, 
usually, require adjustment of only ‘'side play‘' which is done as follows: Lay the instrument 
on its back and grasping the pointer gently but firmly with either tweezers or thumb and 
finger, wiggle it gently back and forth, meanwhile tightening the jewel screw with a screw 
driver a fraction of a turn at a time until it wiggles only a few thousandths of an inch (about 
the width of a paper) and then holding the driver firmly, but not pressing down, tighten 
the jewel lock nut with a suitable wrench. 

behind the flux from the current electro-magnet providing the power factor 
of the load is unity. Each of these fluxes sets up eddy currents in the disc 
of the meter and these eddy currents in turn produce fluxes of their own 
winch interact with the main fluxes in such a way as to produce a driving 
torque directly proportional to the product of volts times amperes times 
power factor; in other words, a torque exactly proportional to the true 
watts delivered to the load. 

The arrangement of the poles is quite different from the ar- 
rangement in an ordinary split phase or two phase mottx, but 
the underlying principles are the same. 
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The flux from the permanent magnet acts as the field of the short 
circuited goierator and the disc serves as its rotating armature. As the disc 
rev<dves below the poles of the permanent magnet, cutting the lines of 
force emanating therefrom, eddy currents (often referred to as Foucault 
current) are set up in the disc and these in turn set up a flux of their own 
which interacts with the flux from the permanent magnet (in accordance 
with Lenz’ law) to retard the motion of the disc. 



The retarding torque so de- 
veloped varies directly with the 
speed of rotation. 

The power absorbed by this short 
circuit^ generator, whidi functions 
as a magnetic brake, must be suf- 
ficient to hold the speed at a fairly 
low value in order to prevent undue 
wear of moving parts and also in 
order to avoid a certain retarding 

Fig. 4,479. — Sangamo single phase inductivf 
watt hour meter bearinp ayaiem* The 
iipper pivot, or bearing is made of tern* 
pered steel wire and of sufficiently small 
diameter to be quite flexible in the length 
between the top of the brass shaft and the 
guide ring in which it rotates. The guide 
ring, made of phosphor bronze, has the 
bearing hole burnished. The upper bear* 
ing screw, in which the bronze bushing is 
carried, is so constructed that a long brass 
sleeve closely surrounds the upper pivot of 
the spindle. Any blow against the moving 
system, caused by accident or short circuit, 
will slightly deflect the shaft until the steel 
pivot touches against the side of the shell, 
thus preventing dat^r of breaking off ot 
bending the upper pivot. At the same time 
a cushioning or flexible action between the 
shaft and the bearing shell is secured, thus 
eliminating the effect of vibration in the 
moving system, which would tend to produce 
rattling. The lower bearing comista of a 
oup sapphire jewel, supported in a threaded 
Diilar, the upper end of which is provided 
with a sleeve so located that it prevents the 
moving element dropjang out during ship* 
mcnt. This protecting sleeve is held friction 
tight on the shaft and can be removed if it 
he desired to inspect the jewel. 
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torque, due to the interaction between the electro-magnets and t^e disc, 
which would be felt if the speed were high. \ 

In addition to holding the speed at a low value the short circuitVi gen- 
erator or magnetic brake serves to regulate the speed by means ^of the 
full load adjustment. ^ 

Since friction torque does not vary with the speed and increases i^s the 
bearings become worn, it is not desirable as a retarding torque. Never- 
theless, it can be entirely compensated for as long as the character of 


Twin proper Bracket 



Location slot on upper bcariiig 


Fig. 4,480. — Sangamo single phase inductive watt hour meter register; back view shofw^ 
arrangement of the worm wheel, compound attachment, locating bracket, and loddni 
levers, ii t§ located on a brass bracket and held by two small levers. By drawing the 
levers down to a horizontal position, they are disengaged from the supporting bracket and 
the train can be removed by sliding it forward. The bracket it accurately located by two 
dowel pins set in the top face of the main grid, and is held to the grid by two screwa easily 
aooeasible from the top. All registers used are marked with symbols on the back of the 
train and on the compound attachment to indicate the correct legister ratio of each contblna- 
lion; this ratio being diflferent for meters of difiFerent capacities, in order to obtain a dksct 
leadlfig in kilowatt hours on the dial. 

the bearins surfaces remains imchanged. This is accomplished thiougi 
the agmcy of the light load adjustment plate. Unfortunately, the con- 
dition of the bearing surfaces tends to ci^ge from time to time, and it 
ia thk that makes the presence of friction so objectionable and whidi 
makes it necessary to keep friction torque at a very low value in propor- 
tion to driving torque. 
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^ce fricticm in the lower bearing is proportional to the weight of the 
moving element it will be apparent that this part should be made as light 
as is consistent with necessary strength and that the driving torque should 
be kept at a high value, also that a meter with a high torque will not 
give satisfactory long time operation if in addition to high torque it has 
a heavy moving element. This is especially true of induction type meters, 
for in addition to the wear due to turning friction, there is the wear due 
to the ceaseless vibratory motion of the moving element which is not present 
in dx, meters. 

Induction Watt Hour Meter Adjustments. — ^There are three 
adjustments: 

1. The full load adjustment; 

2. The light load adjustment; 

3. The inductive load adjustment . 

The full load adjui>iment regulates the. retarding torque of the short- 
circuited generator; the light load adjustment is a device for exactly counto'- 
balancing friction torque, and the inductive load adjustment influences the 
driving tcwque of the motor element on inductive loads. 


In the Duncan induction watt hour meter: 

1. The fuU load adjustment is made by raising and lowering the full load 
adjustment screw. As the head of this screw is moved upward toward the 
ix>les of the permanent magnet (its front turned to the right) more flux 
is made to cut the disc and as a result the braking effect of the short cir- 
cuited generator is increased and the speed of the meter reduced. As 
the head of this screw is moved away from the poles of the permanent 
magnet the opposite result will be observed. 

2. The light load adjustment device consists of two hollow squares, each 
<rf which surrounds one of the poles of the voltage electro-magnet. If 
this plate be placed synuneiricjilly with respect to the two poles of the 
voltage electro-magnet it will have no effect whatever upon the operation 
of the meter at light load, but as this plate is moved to the right or to 
the left out of symmetry with the poles of the voltage electro-ma^t the 
meter will be given a slightly forward or backward torque. This plate 
has the effect of setting up sUghtly shifting magnetic fields which have a 
constant influenoi upon the disc at all meter speeds, so that any given 
Mction torque can be exactly compensated. 
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3. The induciite load adjustment plate is similar to the light loa<u adjust- 
ment plate except that it is intended to be symmetrically placM with 
respect to the poles of the voltage electro-magnet at all times, anm there- 
fore, has no influence upon the light load operation of the meterA 

Instead of moving this plate in a horizontal direction, as is tnp case 
with the light load adjustment plate, it is moved vertically and haft mwe 
effect as it is moved closer to the voltage coils and less effect as it is dioved 
downward away from the voltage coils. The inductive load adjustment 
plate does not operate in connection with the voltage electro-magnet to 
l>Toduce a shifting magnetic field, but instead simply superimposes a sec- 
<iiid fidd upon the main field of the vdtage electro-magnet, the two fields 



Fig. 4,481. — Diagram showing relation of current and voltage fluxes in Duncan single phase 
induction meter. In the diagram, 0£, represents the voltage of the circuit; OA* the current 
vrhich lags behind 0£, by an angle OB, dux of tl)e current electro^magnet which k as- 
euined to be in phase with OA; OFt, current and dux in the volt^e coil which lags behind 
the voltage of the circuit by an angle 0 ; OC, current in the inductive load adjustment {date; 
OFt, flux produced by this current; OF, represents the resultant of OFt, and OFi, and it 
will be noted that OF, is exactly 9(F behind OE. Under these conditioiis, the meter will 
have a torque proportional to OEXOAXcosine of This is proportional to the energy 
being used. 

forming a resultant flux which differs by exactly 90* from the flux set up 
by the current electro-magnet when the power factor of the load is 1.0. 
In this way the meter is made to record accurately on loads of all power 
factors, for the torque of the meter, when it is correctly adjusted for in- 
ductive loads, will be exactly pn^XHticmal to the ^ne of the angle 
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phase difference between the current aiKl vcdtage fluxes, which is exactly 
equal to the cosine of the angle by which the current lags behind ^e 
voltage of the circuit. 

Since the true power delivered to the load is equal to effective amperes 
times effective volts times the cosine of the angle of lag, it is at once ap- 
parent that the torque of the meter will at all times be proportional to 
the power delivered to the load no matter what the power factor. 

Fig. 4,481 is a vector diagram showing how the fluxes from 
the inductive load adjustment plate interact with the fluxes 
from the voltage electro-magnet to form a resultant which is 
exactly 90® from the flux produced by the current electro- 
magnet when the power factor of the load is unity. 

In other words, exact quadrature under these conditions is made to exist 
between the current and voltage fluxes and as a result the meter will register 
a load of any power factor whether leading or lagging with high accuracy. 

Creeping. — If an induction watt hour meter be correctly ad- 
justed and contain no friction and if the line voltage be steady 
and no vibration be present, the disc will not start to creep, 
but if there be a little friction present or if the line voltage be 
somewhat higher than normal or if the meter be moimted upon 
a wall where there is vibration, the disc may tend to creep 
slightly. 

In order to prevent continuous creeping, two holes are punched in op- 
posite sides of the meter disc. When one of these holes comes within the 
influence of the voltage electro-magnet at the rear of the meter, the ten- 
dency to creep will be overcome, since the resistance of the disc is increased 
thereby lessening the forward torque produced by the light load adjust- 
ment. Two holes are provided, rather than one, to balance the disc, and 
to prevent the meter creeping more than one-half of one revolution. 

In order to simplify the problem as much as possible, assume 
a load having a imity power factor. 

Curve E, in fig. 4,482, represents the voltage impressed on the voltage 
dectro-magnet and curve the flux set up by the voltage electro-magnet. 
Intervals of time are represented on the horizontal line ai. This flux u 
made to lag belund the vdtage by exactly 90° due to the high impedance 
of the voltage electro-maimet and to the inductive load adjustment. 
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Curve I, represents the current in the current electro-magnet is of 
course in phase with E, and also which is the flux set up by !the cur- 
rent L It will be seen from curves and that at instant a, pie flux 




Figs. 4,402 to 4,489* — ^Diagrams showing how torque is produced in Model M2 Duncan watt 
hour meter. A, curves; B, magnetic poles of electro-magnets, also eddy currents in disc ^ 
veloped by current electro- magnet at instant ai C, magnetic poles of electro^ magnet s, 
eddy currents in disc developed by voltage electro- magnet at inaUnt c; O. eddy currente 
in disc being develops at instant o. by current electro-magnet; E, eddy 
in dii K* being developed at instant b, by both current and voltage electro-magnets; Ff eddy 
cunenta in disc being developed at instant c, by voltage electrcHinagnet; G. magnetic poto 
ofelectxo-magnets and eddy currents ! at instant ft; H, magnetic poles of etocUo-magneta and 
eddy cunent 1 at instant b- 
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in the current electro-magnet is passing through its zero point, changb 
from negative to positive, and that the flux from the voltage electr* 
magnet is at a negative maximum. 

The flux ^ 1 , from the current electro-magnet induces eddy currents in 
the disc, as Ii. Since the magnitude of the induced current depends upon 
the rate of flux change, the current Ii, will be at negative maximum when 
the flux ^ 1 , is on the point of changing from negative to positive. It will 
also be at a zero value when is maximum. In other words Ii, lags 
exactly 90® behind in time relation and is in phase with the flux 
from the voltage electro-magnet. B, represents diagrammatically the re- 
lationships at instant «. It will be seen that the currents Ii, induced in 
the disc by 4>u are as indicated in B and D. These eddy currents lu set 



Fic. 4,490.— Sangamo single phase inductive watt hour meter grid (back view) showing Ughi 
kmd adjwttmeni . The principle involved is practically the same as used in all modem types 
of induction meters. The variation lies simply in the mechanism for manipulating the device. 
Th€ dmvice eonsiaia of a vane, or flat single turn shading coil, stamp^ out of a piece of 
low resistance metal, located in the gap of the shunt held so that the action of this held 
produces secondary currents within it. When this vane lies on either side of the center 
of the held it produces an unbalanced effect which tends to rotate the armature either for- 
ward or backward, depending upon which side the vane is placed, in conatriictionp the 
vane is mounted on a shaft carried by a bradcet fastened with screws to the back of the 
grid , On the lower end of the shaft is i i veted a sector wi t.h teeth milled into its edge. These 
teeth engage a screw, the head of which is accessible from the front. A coil spring prevents 
any back lash between the sector and the screw; therefore, the tightening of the clamping 
screw holds the adjustment permanently as set. The adjusting screw is stamped with ten 
divisions, and arrows with letters F, and S, that indicate respectively the direction of move- 
ment to make the meter run faster or slower on light load . One complete revloution of the 
adjusUng screw produces a change of approximately 2.5% at one tenth load, or one divi- 
sion produces a change of about .25%. Therefore, with slight practice it is not diflicuit to 
obtain an adjustment of .1% at on tenth load. 



2,596 


A. C. Watt Hour Meters 


up fields as shown in B, which are in phase with the flux fi?Qm the 
voltage electro-magnet. f 

The letters N and S, in B, represent the relative positions of the poles 
of these fields. It will be noted that there will be an attraction bMween 
the fields having the same direction, and a repulsion between those mving 
opposite directions. Thus there will be a tendency for that portipn of 
tte disc between the electro-magnets to move from right to left s^ the 
fidds having the same direction will coincide. 

Since the back of the disc as in D, is being considered, the direction of 
rotation in front will be from left to right or "forward" rotation. 



Pic. 4.491. — ^Sangamo type H single phase watt hour meter. Two wire, capacity 5 to 100 
amperes incltisive. 

Fic. 4.492.— Connections (or Sangamo type H single phase watt hour meter. Three wire. 
capaciO' 5 to 100 amperes, .'nclusive. 


In the discussion so lar the effect of the eddy currents Ie, in- 
duced in the disc by the flux has not been considered. 

Upcm referring to A, it will be noted that at instant a. these currents 
are zero. 

At instant c, the flux due to the voltage electro-magnet is at its zero 
point while the flux ^i. fiom the current electro-magnet is a positive maz- 
ahmn. The action here is similar to that at instant o, except that the oon< 
ditfams are reversed. 
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The flux from the voltage electro-ma^et induces currents in the 
disc as Is, which lag by exactly 90®. At instant c, they are a pontive 
maximtun. The current I, in the current electro-magnet is at a maxim um 
as is the flux which it sets up. 

Upon referring to C, it will be noted that the center p<rfe of the current 
electro-magnet is now a north pole and the two outside poles are south. 
At instant c, the eddy currents I*, in the disc which are set up by the 
voltage electro-magnet are a maximum and are as shown in C, and F. 
As in B, the letters N and S, represent the relative positions of the poles 



Fig. 4,493. — ConnectionB for Sangamo type H single phase watt hour meter, with cumnt 
ttaftsConiier. Two wire* capacity 150 amperes and above. 


of the fields set up by the eddy current Ib. in the disc and the fidds set 
up by the flux from the current electro-magnets. 

As befcH’e there is an attraction between the fields having 
the same direction and a repulsion between those having 
posite directions so there will again be a tendency ior the disc 
to have “f<»ward rotation.” 
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Thus the direction of motion of the disc at instant c, is the same as at 
instant a. At instant a, there are no eddy currents generated in th^ discs 
by from the potential electro-magnet due to the fact that, it is 

at its maximum value and the rate of flux change is zero. \ 

Likewise at instant c, there are no eddy currents generated in thd disc 
by flux ^1, from the current electro-magnet as it is then at its maximum. 

By following this analysis through instants e, g and t, thus completing 
the cycle, there will be found a tendency to produce forward rotation at 
each instant. 



Pig. 4,494. — Connections for Sangamo type H single phase meter with tliree wire current 
transformers. Capacity 150 amperes and above. 


When considering instants between a, c, e, g and t, such as b, 
a somewhat more complicated situation arises. 

At this instant both current and voltage fluxes are changing rather rap- 
idly. Theoretically it would be possible to combine these fluxes into a 
resultant, but a study of what happens can best be pursued by first ccn- 
sidering the torque producing effect of the poles of the voliag< electro- 
magnet when interacting witli the poles in the disc generated by the eddy 
ciurents set up by the current electro-magnet, and then seeing the dSect 
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of the interaction of the poles of the current electro-magnet and the poles 
set up by the eddy currents in the disc resulting from the voltage electro- 
magnet. 

It will help in understanding the situation if attention be 
called to the fact that the eddy currents, generated by the 
current electro-magnet, set up poles in the disc which have 
no torque producing qualities so far as the ix>les of the current 
electro-magnet are concerned. 



Pic, 4,495. — Connections for Sangamo type H primary meter with current and potential 
transformers, all capacities. 


This is also true of the voltage electro-magnet, except that the light 
load adjustment plate used in connection with the voltage electro-magnet 
gives a slightly unbalanced effect which produces a very slight torque, 
which is just sufficient to overcome friction. For the purpose of the present 
discussion, however, it may be assumed that the voltage electro-magnet 
sets up eddy currents in the disc which form magnetic poles and that 
these magnetic poles when considered in connection with the pedes of the 
voltage electro-magnet do not tend to produce torque. A study of the 
diagrams will show this point more clearly. 
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The curves in I, show that the eddy currents If, being induced in the 
disc at instant 6, are as indicated in E and G. These currents are (n the 
same direction as they were at instant a, but are reduced in streikth. 

Curve shows the flux from the v<dtage electro-magnet at instsmt b, 
to be in the same direction as at instant a, but like Ii, reduced in strexWth. 
Therefore, the action between the fields set up by the eddy current Ii. 
which are induced in the disc by the current electro-magnet and the flux 
from the voltage electro-nmgnet is to produce torque as indicated in 
G, which is similar to B. Since b, can represent any point between a 
and c, the torque due to these two quantities will vary from a maximum 
at a, to zero at c. 

At instant b, eddy currents I*, are also being induced in the disc by 
the flux 4>Kf from the voltage electro-magnet. These eddy currents have 
the same direction at instant b, as in instant c, but have not yet reached 
their maximum strength. The flux ^i, from the ourent electro-magnet 
likewise has the same direction at instant b, as at instant c, but has not yet 
reached its maximum value. It has the direction as indicated in H. 
and the magnetic fields set up by Ie, interact to produce rotation in the 
same way and direction as they do at instam c. 

At instant b, is seen, therefore, two torques acting at the same time to 
fxoduce a forward rotation of the meter disc. This reasoning if followed 
through the complete cycle will show that the precediirg torques combine 
to produce a pulsating torque tending to drive the disc in a forward di- 
rection. 

In this discussion no attempt has been made to take into 
consideration the damping torques arising from the interaction 
of the fluxes from the current and voltage electro-magnets with 
the eddy currents which they induce in the disc. 

A discussion of them here would not alter the preceding explanation and 
would only serve to complicate it. Therefore, it is sufficient to say that 
the disc in cutting through the fluxes from the current and voltage electro- 
magnets has eddy currents generated in it »nd these for their amplitr^ 
are just as effective in damping the rotation of the disc as those generate 
from the permanent magnet flux. The result is that the total damping 
torque in the induction type meter is not constant, but increases as the 
current in the current coil of the meter increases. 

The damping effect of the electro-magnets is an important item to be 
oomdddred in the design of an iraluction type watt hour meter as it influx 
ences lo^iaeciably the characteristics. 
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Methods of Adjustment. — ^The following instructions relate 
in particular to the Duncan meter, although the principles 
involved are general. 


Single Phase Meter 

Full Load Adjustment. — ^This is effected by means of a large 
flat headed screw M, as shown in fig. 4,496, situated immedi- 
ately below the poles of the permanent magnet. 



Fta. 4,496.— Doacan Mngle phaae inductkm watt hour meter with r^cieter veoamd. Th» 
pwH At light load adiustment screw; E* light load adjustment damp sorew; S, tar- 
mtnal chamber cover sealing screw; S, sealing ear on terminal chamber cover; R, 6kc; T* 
test link; F, lull load adjustment damp screw; M» full load adjustment screw; Induc^t^ 
load adjuatment damp screw; inductive load adjustment. 
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Turning the front of this screw to the right will cause’ the meter ta 
run slowly on full load and turning it to the left will cause the ifieter to 
run faster on full load. In meters of recent manufacture, this Mcle^ly 
indicated by two arrows and by the letters F, and S. The dire^oii is 
the same for all Duncan single phase meters. \ 

Before turning the full load adjustment screw, the clamp screw Fj, must 
be loosened, and of course, this should be tightened after adjustment has 
been made and before making the test runs. 

Light Load Adjustment. — This, like the full load adjustment, 
is of the micrometer t3T)e and is made by turning the light load 



Fio, 4,497. — Connections for Saingamo type H hofrixontal polyphase meter, two and three 
phase, three wire. 


adjustment screw A, so as to cause the light load adjustment 
plate to move to the right or left. 

Turning this screw so that its front is moved upw'ard will cause the 
metw to run faster at light load and turning it so that the front moves 
downward will bring about the opposite result. In meters of recent man- 
ufacture, the head of this screw is marked with two arrows and with the 
letters F, and S, so that it is not necessary for the metw tester to re- 
member which way to turn this screw. In older types of meters, the 
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direction of rotation is shown by an instruction sheet pasted to the inside 
of the meter cover. Before attempting to turn the light load adjustment 
screw, the light load adjustment clamp screws EE, should be loosened 
and should be tightened again after turning screw A, and before making 
further tests. 

Meters made at the present time are provided with a spring to take up 
back lash. The purpose of this spring may be defeated if the light load 
adjustment screw be moved while the clamp screws are tight. 



o 

§ 


Fig. 4,498. — Connections for Sangamo type H horizontal polyphaae meter, two and three 
phase, three wire, with current transformers. 


Inductive Load Adjustment. — ^This will seldom require at- 
tention, as it is carefully set at the factory. When adjustment 
is necessary, first loosen the inductive load adjustment clamp 
screws JJ, which should be tightened again immediately after 
changing the adjustment and before test runs are made. 

Raising the ears B, will cause the meter to run faster on -inductive loads 
and lowering them will cause the meter to run slower on such loads. It 
is best to keep the two ears exactly level with each other. If one of them 
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be higher than the other, the light load adjustment of the metep will be 
affected to some extent. i 


Polyphase Meter 

Full Load Adjustment. — Although the polyphase m^ter is 
provided with two full load adjustment screws, one of ’.them 
will usually suffice, and the screw G, is the only one indicted 
in fig. 4,500. The adjustment is exactly the same as in the 



Pig. 4*499. — Connections for Sangamo type H horizontal polyphase meter, two and three 
phase, three wire, with current and potential transformers^. 


case of the single phase meter, and the clamp screw F, should 
be loosened before each adjustment and tightened after each 
adjustment. 

If the front of the screw be turned to the right, the meter will run tiowti 
on full load, ’and if turned to the left, will run faster on this load. 

If the lower full load adjustment screw be used, then its frtmt abouki 
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be turned to the left to retard the motion of the discs and to the right 
to speed up the discs. Both of these adjustments are indicated in meters 
of recrat manufacture by arrows and the letters F and S. 

light Load Adjustment. — ^Each of the two light load ad- 
justments is locked by two clamp screws. One of the uppm* 
damp screws is shown at E. Ihe clamp screws should be loos- 
ened before each adjustment and tightened immediately after 
eadh adjustment and before making test runs. 












m 




ho. pdyphMe induction wutt hour motor. Tho ^ 

lond odjvotniont acmwo; upper light lood odjustment damp ocrew; KK, balanoo ndp» 

meat dwnp eciwe; H, balance adjuataaent acrew; F, fbll load ^ua^t igw* 
O* fbll load adjuitmont clamp; G, full load adjuatment acrew; JJ, inductove loa d 
meat damp acrawa ftw lower element; II, inductive load adjuatment for loner aiemeals 
holding acmw for dowelled fun kmd adjuatment aorew plate. 
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of the lower element at 50 per cent la^^ng power factor, loosen the clamp screw 
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JJ, and lower the ears II, approximately the same distance, after which, 
and before the next test, the clamp screws should be tightened. 

Raising the ears II, will reduce the lower element toique at 50 per cent 
lagging power factor. The inductive load adjustment of the upper element 
is identical except that its ears should be raised to increase the torque 
of the upper element at 50 per cent lagging power factor and lowered to 
secure the opposite result. 

Balance of Elements Adjustment.- -Loosen screws KK, and 



Fic. 4,503, — Connections for Sangamo tyvxi II vrrtjcal jxiiyphase meter, 150 amperes and over, 
110 to 550 volts, inclusive, two and three phase, with current transformers. 


turn screw H, until desired result is obtained. Screw H, acta 
as an eccentric to raise and lower the plate upon which the 
upper current electro-magnet is mounted, the direction of 
movement being indicated by the motion of the screws KK, 
which are mounted on the plate. 

Be sure to tighten screws KK. after turning screw H, and before again 
testing for accpmcy. As the screw's KK, move upward the upper element 
will have more and more torque. Turning the screw II, so that the screws 
KK. come downward will give the upper element less torque. The 
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balance adjustment is carefully made at the factory and will|sddoin 
require attention. 

The Registering Mechanism. — ^This comprises the ^tals, 
pointers, and gear train necessary to secure the required redwtion 
in speed. This gear train is (driven directly by the rotating 
element and therefore its friction should be low and constant. 

The object of the registering mechanism is to register either the revolu- 
tions of the rotating element of the motor or the equivalent of those revo- 
lutions in kilowatt hours. 



Fic. 4.S04. — SaDKamo single phase inductive watt hour meter rayiatee cttel. The dial didaa 
read 10, 100, 1,000, and 10,000 kilowatt hours from tight to left. 


In some of the earlier types of meters this mechanism or register was 
alike for all ratings and such that 1 ,000 revolutions of the rotating dement 
would cause the first dial pointer to make one complete revolution. The 
register constant for watt hours for this type of register was the same as 
the watt hour test constant of the meter. 

In other types of meters, additional reduction gearing was introduced 
into the register so that the register read directly in watt hours, or the 
register constant was 10 or some multiple thereof. The first type of reg- 
ister has the advantage that with the exception of the register ccmstant, 
r^;ister8 for all ratings of meters are exactly alike, and therefore the 
possibility of a wrong gear ratio was avoided. 
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The simplicity of the- direct reading type from a reading and billing 
standpoint, however, has led to its standardization. The number of 
revoluticms of the rotating element of the meter per kilowatt hour is in- 
versely proportional to the watt hour constant of the meter. Accordingly, 
the gear mechanism between the rotating element of the meter and the 
first dial pointer will be different for meters having different test constants. 

Furthermore, since watt hour meters are usually read but once each 
month, the register must be such that it will not repeat (that is, the p<^ter 
of the last dial will not pass over the zero on the last dial more than once) 
during that interval. The following definitions relating to the registering 
mechanic should be noted. 



Fxo. 4,505. — Sangamo single phase inductive watt hour meter register dial with lest dMU 
It has a small test circle indicating one kilowatt hour per revolution in all sixes where the 
f&xst regular cifx:le indicates 10. This is provided to conform with the requirements of the 
Canadian Government and it is intended that the hand on the test circle shall make not Uses 
than a revolution in one hour with full load on a meter. 


Definitions 

Diah . — ^The graduated circles over which the dial pmnters move. 

Dial Pointers . — ^Those parts of the register which move over the dials 
and point to the numbers on the divisions of the dials. 

Dial Train . — ^All the gear wheels and pinions used to interconnect the 
dial peters. 
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Firat Dial . — The graduated circle over which the most rapidly nmving 
dial pointer moves, the test dial not being considered. 1 

Gear Ratio. — (R,) The number of revolutions of the rotating element 
for one revolution of the first dial pointer. \ 

Register . — That part of the meter which registers the revolutions* of 
the rotating element or the equivalent of those revolutions in kilowatt 
hours. 

Register Constant. — (K,) The factor used in conjunction with the 
register reading in order to ascertain the total amount of electrical energy- 
in the desired unit, that has passed through the meter. 

Register Ratio. — (R,) The number of revolutions of the wheel meshing 
with the worm or pinion on the rotating element for one revolution of the 
first dial pointer. 

Register Reading . — The numerical value Indicated on the dials by the 
dial pointers. Neither the legisler constant, nor the test dial, if any exist, 
is considered. On some meters a multiplier (such as 100s) is printed ad- 
jacent to the dial to which it applies; on others a number adjacent to the 
dial (printed without the letter s) is the numerical value of care revolution 
of that dial hand. Such multipliers or adjacent numbers also are disre- 
garded when recording the register reading. On some meters the first dial 
has its major divisions marked with two digit numbers; its indication 
should be so recorded. The matter of register readings is greatly simpli- 
fied, and the errors of meter readers are minimized, when standard reg- 
isters are used. 

Registration . — The numerical quantity expressed in the desired unit 
corresponding in value to the energy that has passed through the meter. 
It is equal to the product of the register reading and the register constant. 
The registration during a given period of time is equal to the product 
of the register constant and the difference between the register readings 
at the beginning and the end of the period. 

Standard Register . — One in which each of the four dials is divided 
into ten equal parts, the division marks being numbered from zero to nine 
and the gearing between the dial pointers is such that the relative move- 
ments of adjacent dial pointers are in opposite directions and in a 10 to 1 
ratio. The constant necessary for use in conjunction with the register 
reading may be 1, 10 or any power of 10. Nothing appears on the register 
face in addition to the dials except the w(»d kilowatt hours and the rtgister 
constant. 
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Test Dial . — An extra dial placed up)on the register face, or other part 
of the register, of some meters and used only when testing the meter. 
The term tesl dial does not apply to any of the dials on a rotating standard. 

The gear ratio, register ratio and register constant (see defini- 
tions) are important factors in the correct registration of the 
metCT.* 



F*e. 4,a06.-~Coiinectioii» for Sangamo typeHvertkal polyphaae meter, all ca p a cit iea, l.lflO 
voita afid above, two and three phase with current and potential tranafonners. 


When the dial train is removed, the gear wheel, which 
navies with the worm or pinion on the rotating element ^aft, 
remains in the meter. It should be noted in such cases that 


isNOTE.*— P ractically all manufactuiers have adopted the various recom men da tk ana o£ tlw 
dilfmat Meter Committees and at the present time mark the value of the register ratio m 
the ^te of the register* 
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the gear ratio and register ratio includes as much of this 
ing left in the meter, as would be included were it integral 
the part of register removed from the meter. 


gear- 
I with 


A worm and worm wheel are frequently used in connection with ^lears 
for speed reduction. A single worm is simply a screw thread on a iHiaft 
and in a train of gears acts similarly to a gear having but one tooth. The 
worm is arranged so as to engage a worm wheel having a relatively lai^ 
number of teeth. 



Fn. 4,S07.— -Wwtinghouae polyphase watt meter with cover and dial removed. 


A double worm is sometimes employed, consisting of two sotw thirds 
on a shaft, which acts as a gear with two teeth. In calculations a single 
worm should be considered as a gear having one tooth, and a double worm 
as a gear having two le»;th. 

A worm and worm wheel require less space than a pinion and gear de- 
signed for the same conditions, and involve a 90“ difference in direction 
between the axes of rotation of the worm and the gear. . 
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Fig. 4,508. — Connections of 2 wire Duncan model M2 watt hour meter, 5 to 100 amperes, 
600 volts and less. 


Fig. 4,609. — Connections of 3 wire Duncan model M2 watt hour meter, 5 to 150 amperes, 
600 volts and less. 
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POLARITY MARK 


Fig. 4,510*— Connections of 2 wire Duncan model M2 watt hour meter, 150 to 300 amperes, 
600 volu and less. 


Fig. 4,511.— Connections of 2 wire Duncan model M2 watt hour meter with current trana* 
Aarmer, 40Q amoems anu above, 600 voita and lem. 
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TEST QUESTIONS 

1 . What is a watt hour meter? 

2. Of what does a watt hour meter consist? 

3. Name two types of watt hour meters-. 

4. How does a watt hour meter work? 

5 . What is the object of the motor and the generator? 

6. What provision is made to correct the error due to 

friction? 

7. What meter is chiefly used on a.c. circuits? 

8. Describe the operation of a single phase induction 

watt hour meter. 

9. Describe the three principal torques. 

10. How is the necessary split phase effect secured? 

11. Name three adjustments for watt hour meters. 

12. How is the full load adjustment made? 

13. Describe the light load adjustment device. 

14. How is the inductive load adjustment made? 

15. What i creeping? 

16. How is creeping prevented? 

17. How are adjustments made on the polyphase meter? 

18. Describe the balance of elements adjustment. 

19. Of what does the registering mechanism consist? 

20. What is the object of the registering mechanism? 

21 . Name two types of registering mechanism, 

22. Give a list of terms relating to registering mechanism 

and define them. 

23. Name some important factors in the correct registrar 

lion of the meter. 
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CHAPTER 85 

Demand Meters 

By definition a demand meter is a device which indicate or 
records the demand m maximum demand. 



Fig. 4»512. — General Electric demand watt hour meter regwter. Scale shown is for 5 ampm# 
lio Tolt, 3 wire, 3 phase meter. 


The majority of central stations now include in their tariffs, 
some form of demand rate requiring the use of demand meters. 

A demand rate is one in which a factor is introduced offering 
certain economies to a customer who will arrange his draft of 
energy so as to require a steady non-fluctuating supply over the 
major part of the working period. 
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It is easily understood that such a load is of great benefit to the ceotral 
station as it reduces the amount of generating and line equipment nece8> 
sary to supply the abnormal peaks which might otherwise occ^. The 
benefit of r^uction of fixed charges on the central station is passed on 
to the customer who aids, by his load regulation, in reducing them.^nd 
conversely a customer whose power r^uirements vary considerably, bars 
a proportional share of the expense incurred by the company in keep^ 
equipment ready to meet such fluctuations. 



Fic. 4,513.— General Electric single phase watt hour demand meter. 
Fig. 4,514.— General Electric polyphase watt hour demand meter. 


The usual form of charge for maximum demand or “stand by service” 
as sometimes termed in rate discussions, is a definite rate per kilowatt 
or kilovolt ampere of maximum demand as determined by demand meters, 
while the kilowatt hours of actual energy used are measured in the ui^biI 
way by watt hour meters, and sold separately at a fixed schedtfie, 

Items of charge being included in the gross bill. For this reason it is ntfoes> 
sary to provide distinct elements to indicate or record kilowatts and^ldlo^ 
watt hours separately, although the individual elements may be and often 
are combined in one case, and sold as one meter. 


Demand Meters 


2.617 


Demand meters measure a quantity which is composed of an 
electrical factor and a time factor. 

AccoMingly each demand meter must contain an electrical element and 
a timing element which may be structurally either distinct or combined 
with each other. These two elements combined with a suitable recording 
or indicating element make up the demand meter. 



Fig. 4,515. — Diagram of General Electric demand watt hour meter register. Th^ mmt^r 
ttitin is driven directly by the meter disc shaft in the usual manner. The demand train 
is likewise driven directly by this same shaft, but with a disc type of friction clutch inter- 
posed be tween the worm wheel and demand pointer. Both registering elements (watt hour 
train and demand train) advance together. At the end of each interval, the demand train 
la reset to aero by the synchronous motor and a counterweight. The resetting operation 
la practically instantaneous. The motor gradually raises the counterweight to its over- 
balmcing position. It then drops suddenly. In doing so it momentarily engages a muti- 
lated gear on the demand drive shaft carrying it to xero. The force thus applied is suM- 
deat to slip the clutch through which the demand train is driven. This allows the return 
to take place without disturbing the gearing to the watt hour meter. If for any reason the 
action of the counterweight fails to return the demand pointer completely to aero, the motor 
overtakes the counterweight and forcibly drives the demand train to xero. This princli^ 
dives to the registet its positive reset feature. Thus, an over registration of demand in the 
ensuing interval cannot occur because of failure to return to aero. 
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The electrical element of a demand meter is that portion which 
is tweeted by the electrical quantity which it is desired to measure\ 
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the magnitude of the effect gives a measure of that electrical 
quantity. 



Fig. 4,518.-<-’SaiigaiiK) maximum demand register. The red hand on the inner scale ihosra 
the kilowatt rate. The long hand on the outer scale shows the highest demand since tbs 
last reading. In operation the register works on the Merz principle in which the pointer 
is advanced over the demand scale at a speed proportional to the rate of energy consump- 
tion. The actuating mechanism is returned to its starting position at the end of a pre- 
determined time interval, leaving the pointer at the highest position to which it hat been 
carried in any one or more equal time intervals. The pusher arm is returned to aero by 
means of a cantilever resetting spring operated by a simple arrangement, consisting of two 
cams revolving at different speeds and having segments cut out to allow a pin to drop when 
the openings in the cams register at the end of each time interval. The operation of the 
register is described in detail in fig. 4,519. A manual reset with usual arrangement for seal- 
ing, is mounted on the glass meter cover, by which the indicating pointer may be returned 
to its aero position at reading intervals. A synchronous motor is u^ as a timing element. 


Thus, the electrical element of certain demand meters is similar to an 
Primary ammeter or watt meter of the deflection type, and in others it 
is a watt hour meter or otho* integrating meter, and in still others it is a 
resistance coil which introduces a heating effect which is interixeted in 
harms of amperes or watts. 
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Wig, 4,519. — Diagram of Sangamo maximum demand register, in operniion, register 3, is 
driven through the usual train of gearing from the watt hour meter disc 1 . Shaft 4, through 
gears, also drives shaft 28, which carries the pusher arm 23. This pusher arm rotates at a 
speed proportional to the rate of energy consumption, and, as it travels across the sode, 
it pushes the indicating sweep hand 25. The power from the watt hour meter is transmitted 
through a friction clutch that couples gear 6, to shaft 28. The reseting mechanism, which 
converts this indicator into a maximum demand indicatorris operated by the synchronous 
motor 18, which through worm reduction and gears, operates two cams 16 and 17. Cam 16* 
through double reduction 30 and 22, 32 and 33, operates at one speed, while cam 17, operate 
sixteejn times faster on intervals greater than five minutes, while on five minute intervals, 
80 or 60 cycles and all 25 cycle hfteen minute intervals or less, the ratio is 4 to 1. On the 
Alps of cam 16, rides a pin 11 , which is cairied on an arm 12, and held in positive contact 
m cantilever spring 13. l^/hen cam 16, is in such position that the notch 34, is l^low 
Ifas pin, then the pin 11, rides on cam 17, and when ^e low side of cam 17, comes under 
the pin, it drops into the notch. Then through pin 10, arm 9, which carries a toothed sector, 
ft is piulied down, and through pinion 8, rotates the pusher arm 23, back to aero. The 
power from the cantilever spring 13, pushing through pin 10, or arm 9, is sufficient to over* 
oome the Idction clutch and return t^ pusher arm to aero, the aero point being determined 
by the adjustment screw 27, which acts as a stop. This operation is performed gukftly 




Demand Meters 


2,621 


The timing element of a demand meter is the mechanism or 
that feature of the device through which the demand interval is 
introduced into the result. 

While the principal function of the timing element of a demand meter 
is to fix the demand interval, its subsidiary function in the case of certain 
types of demand meters is to provide a record of the time of day at which 
any demand has occurred. 



Fic. 4,520. — Sangamo maximuxn demand regieter; rear view. 


Fig. 4519 . — Text Continued , 

and cam 17, then raieea pin 11, which by that time, is picked up by cam 16, and carried 
until the next interval occurs. The normal rotation of shaft by the watt hour meter 
disc, returns the arm 9, to position ready for the next resetting. The indicating hand 25, 
due to friction in the spring bearing 26, remains in whatever position the pusher arm leaver 
it. The €o*ordinatkm between pusher arm 23, and indicating pointer 2S, is attained by 
means of adjustment screw 24. The tension of the cantilever spring 13, is adjusted by 
means of screw 14. 
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The timing element consists either of a dock or its equivalent (for ex- 
ample an electric motor) or of a lagging device which delays the mdica- 
tions of the electrical element. \ 


In order that the measurement of electrical quantity as made by the 
electrical element may be combined with the measurement of time as made 
by the timing element, a further element, the recording element, is required. 



In many important classes of demand meters, this is separate from the 
electrical and timing elements, but in other classes the electrical, timing 
and recording elements are inter-constructed. 


Classification of Demand Meters. — ^There are several types 
of demand meters to meet the varied requirements of service, 
and they may be classified as: 

1. Integrating; 2. Lagged; 

3. Recording. 

Briefly: 

An integrating demand meter is one which indicates or re- 
cords the maximum demand obtained through integreUion. 


NOTE, — ^The word integrate xnean* io gipt ik$ sum Mai sf. 


7 



Figs. 4»522 and 4,523. — Diagram of Duncan register showing working principle. In op&m^ 
tion, the watt meter moving element drives the watt hour dials through the gears C and 
D, direct and the demauid pointer through the clutch gear A, which is shown in detail in 
l|g. 4,623. The demand pointer is reset to aero at the end of each demand interval through 
Uie agency of a synchronous timing motor shown at M. The timing motor runs cmitinu- 
onaly at synchronous speed and through a jiroper gear reduction drives the cam E, so that 
it n wdeea one complete revolution each demand interval. This cam moves a gear sector F, 
against a spring G. The gear sector F, is continuously in mesh with B, the other gear wheel 
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V 

Westinghouse type OA, single phase demand meter. Adjtutm»ntmt 
Z. rime a^uametU. The motor speed should be 200 r.p.m. for all intervals. Aa it » impoe- 
juw to check this speed directly, a small white pointer is provided on the No. 12 shaft, 
shaft makes four revolutions per minute (except for 60 minutes, which has a speed 

at proper speed of 200 T.p.m. A small h hK-k 
which iMy used for timing is placed on one spoke of the gear wheel on No. 12 shaft. 

"^tho(l of timing. The motor speed is adjusted by the motor adjust- 
T**™*"* screw (fi increases the motor speed. This adjustment gives 
ai^e of ap^oximately 15 per cent change in the motor speed. If sufiknoit adjustment 
obtai^ with this adjustment, further adjustment is obuined 
the resistance in the secondary of the motor circuit, very simUar to the maniw ia*wliSb 

Flos. 4,522 and 4,523.— Texf Continued. 

of the Wction clutch, through siiilable gearing such as O. The nin H » fiswl bi mwt B 
the pm I, is fixed in the shaft J. carrying the denmnd^^ k 

shaft J . until the pins come into action. As tte wm b^^metJ^dvMem 
A- A “rives the s^ft 

mid^^L^ mtoval the roller K. drops offtte tip ^ tiw tmB, 

csar B, When B .'k ^ pin iT ^i^t t *? '*{5“ reverses the motion of the 

♦Im. friction clutrS. n>»nn<i«« *v *J** **** 1*'® ‘® ti* shaft J, SUd sti pf J, tfr f lfl M l tl 

me mction clutch returmng the demand driving pointer to its aero lotion/ 
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An integrating denumd meter consists of a device in combinatirm with 
an integrating meter whereby the energy consumption as measured by 
the meter is registered from time to time in such a way that the maximtim 
demand may be determined from the record. 

There are two types: 



Fto. 4,525.-- -Duncaii nuudmiim demand watt boor meter register diet; fnmt view* 


Pks. 4^524 — Text Omtinued. 

the power factor adjustment Is made on the polyphase type OA watt hour meter. In* 
creasing the resistance of the motor secondary circuit decreases the motor speed and de» 
creasing t)^ secondary resistance of the motor circuit increases the motor speed; 2, Z«ra 
mdjustmpU, Turning worm R (adjustment k^) in clockwise direction moves the white 
pointer i»f> scale; 3, Adjustment b determines the depth of mesh of the worm wheel d, with 
the worm /, This i^ould be adjusted so that the teeth on the worm wheel do not m es h 
the full depth of the thread on the worm and cause an excessive friction load on the No. 
simft; 4^ Adjustment €, Is provided to insure proper connection between the link A, and 
the lever g. *Thm adjustment should be made so that the worm wheel d* will be moved 
out of meih with the worm /, a distance of approxiinately Vn in. during the d em es hin g 
opetation; 5, Adjustment 4. is provided on thn front of the register near the bearings of tbs 
pfdiiiera for adjusting the spring tensioot and hence the fnctkm holding the maadmum de- 
mand pdnter. Moving the small soew in increases the friction hdding the black pointer 
in poeition of maxteium demand. 


IStOTE.— No one except an experienced demand meter expert shoidd attempt idtherad- 
aetmenUoTTepaiie. If conviimd a demand register be not woikittg proimly» the 
o dm in Uk leturo it to the factory for athmikm. 
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4,526. — ^Diagram of Westinghouse type OB, demand register, in eonatrMtetlon, the 
gearing of the register consists essentially of three sets: the watt hour pointer gearing* the 
demand pointer gearing and the motor gearing. As shown, there are two wprms on the 
upper disc shaft. This is to simplify the diaip-am. Actually, these worms are mounted 
on the second shaft of the register. The moving element is connected to register by 
means of a pinion and gear, in operation, the upper worm U, drives the worm wheel V, 
and thus rotates the first pointer shaft of the watt hour dial. The lower worm/, advances 
the demand pointer by driving the worm wheel <f, and gears and pinions E, Q, O. As in 
the OA meter the worm wheel d, shaft of this set of gearing has one bearing in a lever 
which permits the worm wheel <f , to be demeshed from the worm /, thus allowing the white 
pointer to be returned to zero by gravity weight M . The maximum demand (bladt) pointer 
C, is advanced by the (white) pointer D, and held by friction in the position of ma^mum 
deflection of the white pointer. The third or motor set of gearing, determines tbs length 
of the time inter/al. The synchronous motor runs at 600 7,0 .m. on all 60 cycle meters, Ithis 
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Fto* 4,527. — ^Elementairy dia^m of Westinghouae type R1 kva recording watt hour demand 
meter. The meter gives direct reading of power factor, total kw hours, total ksa hours, 
k» demand and kva demand for any interval. The power factor and reactive kva hours for 
any time interval, such as at the time of maximum demand, may be calculated from the 
chart. The kva diemand record is made graphically upon a moving paper chart by a pen 
that is driven from the ball so that its rate of movement across the paper is proportiofia] 
to the total kva in the metered circuit. The kw demand is obtain^ by means of a atop 
driven by the kw gear train . At the end of the time interval the pen is disengaged from the 
kva gears and fails back until arrested by this stop, it pauses here momentarily and then is 
met to aero. As the paper chart is moving during this resetting period distinct vertical 
marks are made on the paper at both the kva and the kw demand paints. 

Fio. 4,626.— continued. 

Speed is reduced by suitable gearing to give cxie revolution of the shaft 3, in the time in- 
terval of the register, IS minutes or 30 minutes, etc. On the same shaft 3, but free to rotate 
about the shaft, is the worm wheel sector £, and the cam L, which are rigidly mounted on 
the same hub. A pin on the gear h , slowly rotates the worm wheel sector £, until it reaches 
the worm F, on the high speed motor shaft. Since this ^aft makes 100 r.p.m. the wcam 
wheel sector E, is quickly passed through the worm F. As the worm wheel sector E, passes 
through the worm F, the cam L, strikes the lever A, which transmits the motion of the 
cam to lever g, thus demeshing the worm wheel d, from the worm/, and allowing the while 
pointer to return to scro. The period for the worm wheel sector E, to pass through the 
worm/, is selected to allow ample time for the white pointer D, to return to lero. The 
time of the demeshing operation is approximately three seconds, which is a negligible quaii- 
2ity when compered to the time interval of the register. 
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Fig. 4,528. — ^Diagram of Wcstinghouse type RO polyphase watt hour demand meter. !>•- 
Migned to meet the requirements of central station meter service. It is a single instrament 
that records both the kilowatt hours consumed and the maximum oemand in kilowatts. 
It is installed as an ordinary watt hour meter and requires no additional apparatus or wking. 
The maximum demand is indicated directly by a pointer sweeping over a four inch dial# 
integrated load being registered on the usual four dial counter. The demand pointer 
is reset manually by pressing a button at the top of the meter cover. The meter has a cleflk 
nite time constant, yet requires no clock or contacts. The watt hour meter element is pro* 
yided with micrometer light load and full load adjustments. The demand meter efement 
is la'ovided with a micrometer zero adjustment and a spring clamp for making changes in 
length of spring. These adjustments are accessible at the top of the instrument. M npera* 
tiong when power flows through the instrument the main discs begin to rotate at a sp^ 
proportional to the load, driving the watt hour gear train and oscillating the escapement 
daw. The auxiliary discs tend to deflect the pointer instantly to indicate the load, but is 
prevented by the escapement claw engaging iu wheel. As the claw oscillates, the teeth 
of the escapement wheel are allowed to pass, one by one. until the tension on the spiral 
spring balances the torque developed in the auxiliary discs. The system is then in eiiid* 
iibriiam, the demand pointer indicating the load, and although the main .discs to 

rotate to long as the load is maintained, no further deflection tdees place, sii m the ma Pe 
mitU eiew oscillates freely between the teeth of the escapement wheel. 

NO ^. — The mechaniom of the Westinghouse type RO polyphase watt hotar ri r-r 

meter is very similar the ordinary dock; the auxiliary discs furnishing the power Idr ddvliei 
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1. Those showing the energy consumption in definite and 
consecutive demand intervals occurring at arbitrarily chosen 
times such as 2:30 to 3:00 to 330, etc. 

The maximum demand corresponds to the greatest energy consumption 
in an interval. 

If recxHtling on a tape or chart, the demand for any interval can be 
ascertained and also the time of day at whi(di it occtirred. 

If indicating by means of a hand and dial, only the maximum demand 
is obtainable at any subsequent time. 





'Figs. 4»529 to 4,531 ,'—ConnecUon diagrams lot Westinghouse type OB demand legister. Fig. 
4,529, single idiase 2 wire; fig. 4,530, single phase 3 wiref fig. 4,531, twoelement, three phase 
3 wire self contained. 

2. Those recording on a tape or chart the number of equal 
and relatively small amounts or blocks of energy with respect 
to a separate and continuous record of time. 

Thie maximum demand is obtained by counting the number of such re- 
tarded pc4nt8 occurring within the demand interval, the time of the be- 
ginning of the interval being so chosen that the interval will include the 
maximum number of points. From the record, the demand for any 


. NOT£.«HC0Mlmiiid. 

the aeeapesnent like a main spring, while the rate of the movement is continued by the motkMi 
of the main diaea, which perform the function of a balance wheel. The eecapement trfaeel 
and claw have radial tec^ to prevent an interchange of energy between the main and aua^ 
iliary diace* It ie to bO obeervod that the funcUon of the main discs arc simply to regolats 
theriteofdelleetiimoftlieattsi^ They aupidy no power whatever ewwpt tim 

hilbie amottnt leonked to oscillale the escapement claw . 
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Fio. 4.532.----We8ttng)icm8e type recording watt hour demand meter. Mn opamtjfon* 
under load the diac shaft D, registers watt hours on the counter through the gearing of the 
•haft aseemblies 1 and 4. At the same time, the ink carrying pen P» is positively advanced 
through shaft assemblies 1 . 2 , and 3 At the end of the time interval the tripping rod« 
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interval can be obtained and the time of day at which it occurred. These 
instruments differ from those of Class 1, in that the time of the begitming 
of the interval is not arbitrarily fixed. 

A lagged demand meter is one in which the indication of the 
maximum demand is subject to a characteristic time lag. 

Lagged demand meters are so constructed as to require a certain time 
interval for the indication to reach the pwint corresponding to the value 
of the load. 

There are two types. 




Figs. 4>633 and 4,534. — Chart samples for Westinghouse type RA recording watt hour demauid 
meter. Fig. 4,533, 30 minute interval; hg. 4,534, 15 minute interval. 


Fic. 4,532 . — Text Continued. 

pushing against the rod F, moves the small pivoted frame work which carries one of the 
bearings of shaft 2, and disengages the worm wheel of shaft 2, from the worm of shaft 1. 
The weight of the pen and pen arm is counter-balanced by weight B, and the adjustable 
weights C, are so placed as to cause the pen to immediately swing to the aero position when 
its driving gears are disengaged. When falling to the aero position, the rotation of the 
worm on shaft 2, moves the swinging sector V, against which the pin G, of the gear wheel 
eventually strikes and thus limits the backward movement of the pen. When pressure 
on rod F, is relieved, the spring £, returns the pen mechanism into mesh. The upper dock 
spring 1, actuates the timing device. The speed of the dock is controlled in the usual man- 
ner through the escapement mechardsm on which the torque is held constant by a dilfer- 
entiai spring governor. At the proper time interval, the trip on shaft M, allows the shaft 
K, to rotate with a speed of rotation that is limited by the governor. Simultaneously, the 
met wheel Y, is given a quarter turn, causing a movement of the bell crank H, and a con^ 
sequent tripping of the pen. Just before the pen begins to fall back, however, the Isw 
gm on the spring drum rotates a fraction of a turn and advances the paper roll. Hiepaper 
disrt unrdls from spindle W, passes upward over the face of roll N, and rerolis on the bah 
driven spool X. 
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1. Hiose in which the speed of the indicator in moving up its iicale 

under constant load, is constant, or at any load, is proportional to|the 
load. ’I 

2. Those in which the speed diminishes with the time of the deflectifni. 
The demand interval for meters of this class is ordinarily considered to 
be the time required for the instruments to indicate 90 per cent of the fii|U 
value of a steady load which is thrown suddenly on it. 



A recording or curve drawing demand meter is one which 
gives the load time curve of an installation or system. 

The demand interval may be of any specified length, and the 
peric^s may be taken as beginning at specified times of the day or may 
be timed so as to include the maximum average load occurring in any 
period of the chosra duration. Curve drawing or graphic lecordiiw in- 
struments are obtainable in many varieties and makes. 


Tho various types of demand meters in general u iw jura 
dbxmn in the accompanying illustrations. 


Demand Meters 

ine 
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TEST QUESTIONS 

1. What is a demand meter? 

2. Define the term "demand meter" 

3. What is understood by the term "stand by servic^?? 

4. What kind of a quantity is measured by demand 

meters? 

5. What is the electrical element of a demand meter? 

6. Describe the construction and operation of the tSan- 

gamo maximum register. 

1 . What is the time element of a demand meter? 

8. Give classifications of demand meters. 

9. What is an integrating demand meter? 

10. Name two types of integrating meter? 

11. Describe a lagged demand meter. 

12. Name two types of lagged demand meters, 

13. What kind of a record is made by a recording or 

curve drawing demand meter? 

14. Describe the construction and operation of a curve 

drawing demand meter. 
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CHAPTER 86 

Miscellaneous Meters 

In addition to the meters already described in the preceding 
diapters, there are a few instruments which should be here 
conddered; such as 



INDUCTANCE 

RESISTANCE 

wwvwv 


t 


Fig. 4,S36.*--Scllgle I>ower factor meter of the rotating held or disc tari>6* 


1. Power factor meters; 

2. Phase indicators; 

3. Synchronism indicators: 
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CURRENT TERMINALS 



Pig. 4,539 of rotating Held type power factor meter illustrating prindpbof 
operation. In conetruction, N and M, are two coils fixed at right angles to each other 
with their axes in the same plane. The coils are wound with large number of turns of 
fine Wire and are connected in a split phase arrangement, one coil being connected in series 
with an inductive resistor and the other in series with a non-inductive resistor. The two 
sets are then connected in parallel across the line of the circuit to be measured . The currents 
In these two coils are almost in quadrature so, wnen the coil M, is active in producing a 
field in the direction AB, the current in coil N, is zero. One quarter cycle later, the current 
in coil M, becomes zero and the current in coil N, is producing a field in direction IX^, This 
is not a sudden jump, but a gradual decrease of current in M, and a gradual increase of 
current in N, thereby producing a steadily progressing shifting of the resultant magnetic 
axis from AB, to CD, In another quarter cycle, the current in N, is zero, but the current 
has built up in coil M , in the opposite direction . changing the axis of the field to direction BA. 
In another quarter cycle, the coil M, is again zero, but the current has reversed tomaximun^ 
in coil N, producing a field in direction DC. Therefore, in every cycle, the axis of the mag" 
netic field has made one gradually changing sweep completely around the whole circle, pr(K 
ducing the so-called ‘'rotating field.'* Inside of the two coils N and M, is placed an irun 
vane or armature, magnetized by a coil G, and pivoted so that it can rotate with its axis 
in the plane of the axes of the coils M and N. Througn this coil passes a current in phase 
with the current of the circuit to be measured. As the iron /ane will be attracted or rs" 
peHed by the fields of the coils N and M. it takes up a portion so that when the current 
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4. Frequaocy meters; 

5. Surge indicator, or klydonograph. 

Power Factor Meters. — ^Meters of this class indicate the 
phase relationship between pressure and current, and are 



Vvi* AJSQB^Taxt amiinued. 

wave reaches its maximum, the axis of the iron vane will coincide with the axis of the 
rotating held at that particular ixistant. Thus, if the current reach a maximum when the 
rotating held has reached the position AB (when the current in coil N. is in phase with the 
current in coil M). the vane will assume a position AB. Should the current lag. however, 
and not reach a maximum until the held htt rotated to position £F. then the vane would 
assume the position £F. and. by suitably graduating the scale, will read directly the cosine 
car sine of the angle between AB and £F. 

NOTE. — ^In fig. 4,539. should the current lag 90*^, the rotating field would have advapoed 
to CD. before the current reached its maximum and the vane would assume position CD. 
The vane will assume a definite position for any phase relation between current and voltage 
ansrwhere in the whole 360® of each cycle. From the foregoing it is readily seen that 
the dehection depends on the angle between current and voltage, but since each angle indica- 
tion is marked with the cosine or the sine instead of the angle, the meters read directly in 
power factor and reactive factor. Because it is impossibie to have the current lag exactly W 
in aeplit phase arrangement, the coils and N. are not exactly 90* apart. Thus if the coils 
were placed exactly 90® apart, the rotating field would shift slower from AB. to CD. than it 
did from CD. to BA, and produce a distorted scale. Therefore, the juigle BOD. is made 
greater than the angle DOA, producing an evenly rotating field, and a sode with synonstslcal 
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therefore sometimes called phase indicators. There are two 
types: 

1. Watt meter type; 2. Disc, or rotating field typej. 



TlO* 4,541 . — 'Elements of three phase rotating Held type power factor mater » In tbe 
three phase instrument, the two voltage coils and the split phase resistor reactor, are replaced 
with 3 coils, wound with their axes, 120® apart, as here shown. By connectmg in Y, anu 
cormecting to a three phase circuit, a uniformly rotating field is produced, giving the same 
characteristic scale marking as the single phase circuit wave produced . The ^ly difference 
between the action cf the single phase and the three phase instruments lies in the method 
of producing tbe rotating field. 


Watt Meter Type . — 

In this construction, the phase relation between the pressi^ and the 
current fluxes is such tiiat on a non-inductive load the torque is zero. 

For instance, in a dynamometer watt meter, the pressure circuit is made 
highly inductive and the instrument then indicates voltsXamperesXsin 0 
instead of voUsXamperesXcos 4 >, that is to say, it will ii^cate the wattless 
component of the power. A dynamometer of this type is scnnetimeB called 
an idle current watt meter. 
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Disc or Rotating Field Type . — 


A single phase power factor meter of the disc or rotating field type con- 
sists of two pressure coils, as shown in fig. 4,538, placed at right angles to 
each other, one being connected through a resistance, and the other through^ 
an inductance so as to “split” the phase and get the equivalent of a ro- 
tating magnetic field. 


mOKI ARMATURE 


qOTTOM JEWEL 



The coils are placed about a common axis, along wWch is pivoted an 
iron disc or vane. The magnetizing coils FG, are in series with the load. 
If the load be very inductive, the coil M, experiences very little torque and 
the system will set itself as shown in the figure. As the load becomes less 
inductive, the torque on S, decreases and on M, increases so that the sys- 
tem takes up a particular position for every angle of lag or lead. 

Powa: factor meters are designed to show the power factors, lagging or 
leading, at v'hich various lines are operating. These instruments are 
adapts for balanced systems only 

In cotuiecting, if it be found by trial that the needle swings to the wrong 
side of the scale with leading or lagging current, the potential leads to the 
1^ from the resistor should be interchanged at some point between the 
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j^c. 4,543.— Diagram of tingle phase rotating field type power factor meter showing operation 
In this meter the spiral control spring is omitted, and electro-magnetic control provided. INao 
moving coils are used , rigidly fastened with their axes at right angles to each other. Coil M, 
it in series with a non-inductive resistor and the coil M', is in series with an inductive reactor, 
Ccmaequently, the current in M, is in phase with the voltage while the current in M^ lags 
almost 90** behind it. The stationary coils carry a current proportional to, and in phase with 
the current of the load being measured . At 100% power factor, the current in S S', and M, 
are in phase; therefore, their axes tend to coincide. The current in M', is almost 90* out ol 
phase, consequently there is practically no reaction or attempt to align axes between M' and 
S S'. However, should the current in S S', lag 90® it would be in phase with the current in 
M', and out of phase with the current in M. Then the coil M', would have the greatest 
tendency to align its axis with that of S S', and as the coil M , now has no such tend^icy, the 
result would be a movement of the pointer , attempting to bring about such alignment of axes. 
If the currentshould only lag 45®, then both coils would make equal efforts to align their 
'With the axis of coils S S', but since they cannot both attain their object, and since they are 
both rigidly connected, they take a resultant position which would be marked 70% power 
imctac on the dial. For any degree of lag or lead of current, the two coils strike a resultant, 
depmiding on the phase angle between the main current in coils S S', and the current in the 
co^ M and M', It will be seen that, since there is no control spring, and since the poeitUm 
assumed depends on the phase angle between the current and voltage (currents in M and M'} 
and not on their magnitude, the positions could be marked in degrees of phase differetioe. 
Instead of this, however, each position is marked with the cosine of the angle of piUse 
di/femuse and consequently reads directly in power factor. It may be said that the instm* 
tnent responds to the angle, but indicates the corine. 


^OT£.— /n aetuai practice, it is very rare to meet or measure power factors bdow 40%« 
•othat the instrument is arranged to omit all power factors below 40% lag and bekm 60% 
lead thus making a symmetrical 90® scale containing all the practical working values met in 
eaust eervke. The sgngte phase instrument is sUghUy adected by large variarions irim 
aonnal frequency. 
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redstor and the line, or between the resistor and the secondaries of the 
potential transformers, as conditions may require. 

One method of checking the connections of a 3 wire, 3 phase power factor 
indicator in order to determine whether the current be leading or lagging 
the voltage of the circuit is to short circuit the current terminals of the 
power factor meters by means of a piece of wire. If the pointer move 
toward lag, then the connections are correct. This is true whether the 
instrument be indicating either a leading or a lagging power factor. 



Fis. 4,544. — Diagram of three phase rotating field type powrr factor meter. The moving coils 
m connected in series witn separate non-inductive resistors to two phases of a three |tose 
dxQuit . The current is taken from the third phase . Conse luently at 100% power factor, the 
current in one voltage coil leads the main current by 30^ and in the other phase, it lags 
At 100% power factor, there is equal effort of coils to align v heir axes and the resultant posi** 
tion is that shown. Should the current now lead or lag, one ur the other coil will have greater 
effort, consequently changing the position of the moving element and assuming a 
definite position for each change of the phase angle or power factor. As in the single phase, 
the scale is marked in codnes, so that it reads the power factor direct. It covers a range of 
from 40% lag to 1®®^* the 3 phase instruments contain uo inductive circuits, they 
may be used on circuits of any frequency. Power factor meters «ittair their highest accuracy 
when the current is from 2 to 5 amperes and the voltage from 75 to '25 volts. The three 
ntiaae instruments having only one current coil, do not record the average power factor of an 
Otthalaoced three phase circuit. They are designed lor balanced ekemes such as rotary con* 
verier or polyphase motor circuits. 
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Phase Indicators. — This t3rpe of instrument is intend^ for 
“{biasing out” particularly in making relay connections or other 
connections where a current of a specific phase should be selected 
in regard to a particular voltage connection. 



Flo. 4»54S.-«We8tinghouge portable phase indicator. 

The phase indicator makes it possible to determine 
phase relations and avoid incorrect connections which may cause 
costly failures of service. 

In making any connection where a current of a particular p^gao a ho iiM 
be aelected in regard to a certain potential connection, the phase inHj n i tor 
is of value. The portable phase indicator, as shown in 4,545, is a 
moving vane type instrument similar in operation and construction to a 
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power foctor meter but having a imiform circular scale marked off in 360 
dectrical degrees. 

It Operates on the principle that a suitably pivoted iron vane, 
when placed in a rotating field and magnetized by alternating cur- 
rents, will assume a position depending gn the phase difference 
between the current magnetizing the vane, and the voltage producing 
the rotating field. 


CURRENT VOLTAGE 



The rotating field is produced by a split phase winding connected to 
the voltage circuit. In this field is a movable iron vane mapetized by a 
stationary coil which is part of the current circuit. The iron vane, to 
which the pointer is attached, is acted upon by the rotating field, and the 
vane will take up a position so that when the current reaches its maximum, 
the axis of the iron vane will coincide with the axis of the rotating fidd 
at that particular instant. 

The vane will assume a definite podtion for any phase relation between 
current and voltage. When used to determine the phase angle between 
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the current and voltage in, say, a power directional relay, the methi^ is 
obvious and the results are easy to interpret. li 

The only difficulty likely to be encountered is when one of the veotors 
may be reversed 180®. In order to check this condition, it is well to'^- 
amine the operation of the relay itself. m 

Synchronism Indicators. — These devices, sometimes call^ 
synchroscopes, or synchronizers indicate the exact difference in 



Vm. 4.547.~-GciMial Electrie syaduniiui iadkator tlxiwiiv leiatkn the swUraad 

the pointer. 



Ptas. 4,648 end 4,uat. — Sjmehroninne receptacle and plug. 


phase angle at every instant, and the difference in fiequmcy, 
between an incoming machine and the system to which it u 
to be connected, so that the coupling switdh can be dosed at 
the proper instant. 
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Th«;« are several types of synchronizer, such as 

1. Lamp or volt meter; 

2. Resonance or vibrating reed; 

3. Rotating held. 


Lamp or Volt Meier 



Fig« 4,560.— Generml Electric eynchroiiiaiii indkator 
witb dial and pointer removed. 


Type. 

The simplest arrangement con- 
sists of a lamp or preferably a 
volt meter connected across one 
pole of a two pole switch con- 
necting the incoming machine 
to the busbars, the other pole 
of the switch being already 
closed. 

If the machines be out of step, 
the lamps will fluctuate in 
brightness, or the volt metei- 
pointer will oscillate, the pul- 
sation becoming less and less 
as the incoming madiine ap- 
proaches syndbronous speed. 
Synchronism is shown by the 
lamp remaining out, or the vdit 
meter at zero. 


Resonance or Vibrating Reed Type . — 

— I* ' .WW IS 

This type operates on the same principle as the resonance type of fre. 
qtiency indicator, later described. 


Rotating Field Type . — 

The operation of the rotating fkld type on the [nodaction of a 

nkating fidd by the currents of the metered circuits in angularly placed 
one for each phase in the case of a polyphase indicator. In this fidd 
is pcovided a movable iron vane or armature, magr^tized by a statumary 
coil whose ourent is in phase with the vdtage of one i^hase of the tiradt. 
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Back View 



Pig. 4,551. — Connections of General Electric synchronism in* 
dicator with potential transformer, secondaries grounded. 


As the iron vane 
is attracted re- 
pdledbytherqtat- 
ing field, it rakes 
up a position whipre 
the zero of the i;o- 
tating field occd|a 
at the same instaiit 
as the zero of its 
own field. In the 
single phase meter 
the portions of 
voltage and current 
coils are inter- 
changed and the ro^ 
tating field is pro- 
duced by means of 
a split phase wind- 
ing, connected to 
the voltage circuit. 


The method is 
that of the split 
phase bipolar syn- 
chronous rhotor 
with separate alter- 
nating current ex- 
citation. 


NOTE . — The principle of operation of the rotating field type, synchronism indicator is 
the same as that of the power factor meter, accordingly a detaUed description of bow they 
measure phase angle differences would only be a repetition of that section. The only difference 
lies in the winding of the internal coil which magnetises the iron vane. This is wound with m 
large number of turns of fine wire, and is connected in series with a resistor, directly acmes the 
vedtage of the machine being synchronised. The lower terminals are connected to the busbar, 
and consequently, the magnetic axes of the rotating field rotate in synchronism with the bus 
bar, while the magnetism in the iron vane is in phase with the voltaise of the machine being 
synchronised ^incoming machine). 
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Phase displacement is accomplished by a reactor and a resistor both 
moimted externally. 

The motor field is energized by a single phase current from one of the 
machines to be synchronized (the running machine) and its armature 
from the other (the starting machine). 

Since the armature coils are nearly perpendicular to each other and 
as one is connected to the reactor and one to the resistor, a rotating 
field is generated in the armature with the alternating of the current in 
the stationary field. 



Ric. 4,552. — Diagram of Weston induction type frequency meter connections. The coils are 
connected in series across the line, with a reactor in series with one and a resistor in series 
with the other. A resistor is connected in parallel with one coil and the reactor, and a re- 
actor is connected in parallel with the other coil and the resistor; then the whole combination 
is connected in series with a reactor, the purpose of which is to damp out the higher har- 
monics. The circuits, as shown, form a Wheatstone bridge, which is balanced at normal 
frequency. An increase in frequency will increase the reactance of the reactors and thus 
upset the balance of the bridge, allowing more ciurent through one coil and less through 
the other. 


The armature tends to assume a position where the field set up in the 
armature coincides with the alternating field in the stator when the latter 
passes through its maximum intensity. The armature and the pointer 
attached to the armature shaft will therefore move forward ot backward 
at a speed corresponding to the difference in the frequency of the two 
machines. 

When the machines are running at the same frequency (the same^ieed 
if both machines have the same number of poles) tiie pmnter will become 
stationary, and its oosition when stationary will depend upMi the phase 
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relation existing between the two machines . Coincidence in phase is shown 
when the pointer remains stationary in the vertical position at the rmurked 
pomt at the top of the dial. The machine should be "thrown in” |fhen 
this position is indicated. A complete revolution of the pointer indi^tes 
a gain or loss of one -cycle in the starting machine. 

FrequeBcy Meters . — K frequency meter or indicator is W 



Fio. 4,553.— Interior view of Prahm vibrating reed frequency meter. Frequency mdicatioa ii 
obtained from the vibration of certain units in a row of tuned steel reeds, visible through an 
oblong opening in the scale plate of the instrument. The principle underlying the construe^ 
tion is that of resonance, subjected to rhythmic impulses of the same frequency as the 
natural period of vibration of the body itself. The parte are: A, armature of the ebetio* 
magnet M; B, bridge piece on which are mounted the reeds R, armature A, also is 
.m B; D, amplitude adjusting screw by which the air gap between A and M, is set; G, pro- 
active aeries resistanse for M; M, electro-magnet; R. tuned reeds, each one of which is ad- 
usted to respond by resonance to a given mechanical vtbrauon set up in B, through A» by 
dtemating current in M. in conetruction, a number of reeds R, each about HJn* wide, 
xmsisting of special spring steel, carefully tempered and nickel plated, are screwiS in a row 
x> a bridge piece B, to which is atuched the armature A, of a small electro-magnet M, 
jsounted close to it. When the instrument is connected across the circuit the frequency of 
which is to be measured, the current, after passing through a series r^stance G, the 

idtectro^tnagnet which thus imparts to the armature A, om impulse for each eyde of ettnent 
if the core of the ebetro-magnet is a permanent magnet, and twa imi^aibea for each cycb of 
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instrument used /or det^mining the frequency, or number of cycles 
per second of an alternating current. 

There are several forms of frequency indicator, whose prin- 
ciple of operation differs, and according to which, they may 
be classed as 

1. Synchronous motor type; 

2. Resonance type; 

3. Induction type. 



Figs. 4,554 and 4,555. — ^Side and end views of Frahm resonance type frequency meter reed 
Owing to the principle emoloyed in the meter it is evident that the indications are ind 
pendent of the voltage, change of wave form, and external magnetic fields. 


Synchronous Motor Type.- 

In this type a small synchronous motor is cpimected in the circuit of 
the current whose frequency is to be measured. After detomining the 


Fig. 4,553* — Taxt Continued* 

cunent if the core of the electro-magnet is of soft iron. The vibration of the armature A, is 
transmitted to the reeds R, and just as one tuning fork will respond to another having the 
same period of vibration, so will that reed which is in tune with the frequency of ^ibratioa of 
the armature, at once respond vigorously. The scale at the point opposite this reed is 
marked with the number of cycles per second of the alternating current, and hence the 
quency is clearly indicated . In order to give a dear indication , the reeds have a small portioti 
uli thdr uppor ends bent over at right angles and enamelled white, so as to make thm axi« 
•pieuaus against the black interior of the instroxiittit. 
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READING- 60.25 


4,556 to 4,558.— How to read a Frahm frequeocy meter. Vibration tiegiiM at about 2% 
below the exact value to which the reed U tuned , reaches its maximum at the exact value 
csteods to about 2% above Uiat value. Therefore more than one reed usually is in motioD 
and from tbe respecUve lengths of the banks formed by the vlbratinc rec^e acroes the acalo 
opening the exact value of the frequency may be estimated down to one-fourth of theintenm, 
between successive reeds. On the upper scale the reading is very evidently 60. Onthelower 
acale, the reeds indicating 60 and 60.5 are vibrating equally, so Unt the reading is Jka^tesy 
between these two values, that is 60.25. Referring to the middle scale, it will be aeea that the 
teed hadicating 60 is vibrating more than any other, so that the reading is theioftM «« f * Tr 
to 60 Uian to any other scale division. Furthermore, tbe reed indicating W.5 la hi rwra t 
treateet vibration, so that the reading is again between 60 and 60.5. However, the nid 
iodleating 60 is vilwaUng with an amplitude about three times that ol the reed 
60.5, so the reading is now one-quarter way from 60 toward 60.5 of 
That is, the reading is 60H or approximately 60.1. 
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revolutions per minute by usins a revolution counter, the frequency u 
easily calculated as follows: 

frequency «= (revolutions per eeeondXnumber of poles)-ir 2. 

Resonance Type . — 

In construction the resonance tyi^ consists of a pendulum, of reea, of 
given length, which responds to periodic f of ces having the same natural period 
as itself. 



a. 4.S59.— Geaoral Electric resonant drcoit type frequency meter. 


The instrumoit a>mprises a number of reeds of differmt lengths, mounMi 
to a row, and all simultaneously subjected to the oscillatory attraction 
of an dedKi-magnet eadted by the supply current that is being measured. 
The reed, which has the same natural time period as the current, wiU 
vibrate, while the othos will remain practically at rest. 

The constructkni and <q}erati<m of the instrument may be better undo'^ 
stood from 4,554 and 4,555, which illustrate the indicatmg part of 
the Frahm meter. This consists of one or moie rows of tuned reeds tiddly 
raotmted side by side cn a oonanon and dif^y flealde base. 
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The reeds are made ot spring steel, 3 or 7 mm. wide, with a small por- 
tion of their free ends bent over at right angles as shown in fig. 4<f555 
and enameled white so that when viewed end on they will be easily visile. 
The reeds are of adjustable length, and are weighted at the end. 

A piece of soft iron, rigidly fastened on the base plate which suppers 
the reeds, forms the armature of a magnet. 

When the magnet is excited by alternating current, or interrupt^ 
direct current, the armature is set in vibration, and that gives a slight 
movement to the base plate at right angles to its axis, thereby affecting 



Fio. 4,S60. — Langsdorf and Gegole frequency meter. The operation of this meter is 
en the fact that if an aitemating pressure of E volte be impressed on a mnf»»n«»r ©f ca- 
j^ty C, in farads, the current in amperes will be equal to 2 tm>EC, provided the pressun 
be constant, in eonatructfon, the scale is mounted on the same axis as the pressure coil, 
anoss the mains so as to render the instrument independent of variation of voltage . For a 
ducussion ol this meter, see Eltctrieal Refiew, vol. LVIfl, page 114. 


all the reeds, especially those which are almost in tune with its vibrations. 

The reed which is in tune will vibrate through an arc of considerable 
amplitude, and so indicate the frequency of the exciting current. 

The resonance type is used for laboratory work. 


Induction Type . — 

'IHus form of ^ frequency meter consists of two voU mtUr tltctro-OHMunt 
oetmg tn oppostiion on a disc attached to the pointer shqft. 

Om of the ma^ets is in series with an inductance, and the r> t hf r with 
a resistance, so that any change in the frequency will imhai^nrw tbe 
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acting on the shaft and cause the pointer to assume a new position, when 
the forces are again balanced. 

The aluminum disc is so arranged that when the shaft turns in one di- 
rection the torque of the magnet tending to rotate it decreases, while the 
torque of the other magnet increases. The pointer therefore comes to rest 
when the torques of the two magnets are eqiial, the p(Hnt«: indicating 
the frequency on the scale. 

An object of the aluminum disc is to damp the oscillations of the pointer. 

Surge Indicator or Klydonograph. — ^There is plenty of evidm» 



FlO. 4,561."— Ffomenf# of induction type frequency meter illustrating principle of i 
tkm* The actuating force consists of two induction volt meter elements, A and B. These act 
on a disc G, and tend to move the disc and the pointer shaft in opposite directions. One of 
the elements is in series with a resistor H, and the other is in series with a reactor I, so that 
any change in the frequency tends to change the relative strength of the two elements and 
cause rotation. The disc is so shaped that as it moves, the amount of its metal under the 
stronger element becomes less than that under the weaker element, so that with every relation 
between the two electro-magnet strengths there is some point where the torques pn^ucsdtif 
the two eiements balance and the pointer comes to rest . 
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that surges of considerable magnitude appear on exten»ve 
transmission systems and it is undoubtedly desirable that de- 
tailed information concerning them be obtained. \ 

From what data are available it is rather evident that many 
surges of very high value exist which have an extremely sho^ 
duration. I^ctically all data concerning these surges ha^ 
been obtained by the use of spark gaps in some form or otho:. 
It has been assumed that a sphere spark gap can be made to 


Sourco Reslsior-Reacior Source Resisbor -Reactor 



Load 


Potential Tranaformer* 

Without Potential With Potential 

Tranaformer Transformer 


Figs. 4,562 and 4,563. — Connections for General Electric resistor reactor frequency meter, 
and for resonant circuit type frequency meter. A rheostat is placed on one side of the re- 
sistance box of the resistor reactor type meter. This rheostat is used to adjust the instrument 
for the characteristics of the circuit to which it is connected. When first installed, the 
arms on the si-^e of the box should be moved until the needle of the instrument indicates the 
frequency as determined by a stop watch and speed counter. Screws are provided to pre- 
vent accidental movement of the arms, after this adjustment has once been made. When 
the two arms are farthest apart, the resistance is cut out; bringing them together puts re- 
sistance in the circuit, the amount of which varies with the position of the arms. No chanfe 
of the rheostat will be necessary after the adjustment has once been made, as the accuracy 
is not affected by variation of the load in a given machine. 

have practically zero time lag of break down and it has bera 
used as a standard in determining the duration of these ^ges. 

A sphere spark gap has a considerable time lag where the voltage in 
excess of its ^hover value is comparatively small. 

The object in the development of the surge indicator is to provide some 
means that will record v<^tages, whether of extremely short duration or 
not, and to produce a graphic record of detailed inftamatkm conceniing 
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the surges, such as polarity, magnitude, steepness of application, etc. 
This instrument is based on an old principle that was first observed in 
1777 by Dr. Lichtenburg and makes use of figures known as Lichtenburg 
figures. Dr. Lichtenburg found that on discharging a condenser such as a 
Leyden jar across a spark gap onto a terminal in contact with an insulating 
plate placed between this terminal and a ground plate, and then sprinkling 
powder on the plate, the powder would arrange itself in the form of a 
figure of a very peculiar appearance. 

By using poyrders of different colors beautiful figures (x>uld be pro- 
duced, the figure produced by a positive charge being entirely different 
from that produced by a negative charge. 



ftn. 4,S64. — ^Elements of the klydooograph w surge indicator. 


In 1888 J. Brown and E. Trowvdot found that on rei^cing the in^ 
sulating plate with a sensitized photographic plate, the emulsion being in 
contact with the terminal, and developng the plate, figures very sinfilar 
to those produced by Lichtenburg were found. Since Dr. Lichtenburg's 
time the Lichtenbing figures have hem studied by many investigators. 
The most recent study was a very ccanplete exposition of these figutrss 
given by P. O. Pederson. 

Aiq)arently very little is known about the actual cause of the liditeii* 
tnirg figure on photograi^c plates, although many investigators have at* 
tempted an explanation of this phenomenon. The elements of a surge 
indicator in its simplest form are shown in fig. 4,564. The photognphic 
^ta, of course, must be plai^ in a dark tm. 
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If a voltage be impressed between the terminal and ground plate, as 
at E, on developing the photographic plate hgiu-es will appear that will 
give pertinent information concerning the nature of the voltage impressed. 
If the voltage be in the form of a surge, that is, uni-directional, either with 
a ^eer front as indicated in fig. 4,565, or tapered front, as in fig. 4.5%, 
the figure on the photographic plate will differentiate between the tapered 
front atul the abrupt front, and it will also indicate whether the surge was 
of positive or of negative polarity. 



n 



That. 4,569 to 4,577.~-KlydoiiogniiA record* of various sut«es. No. 3, poeitive aarse with 
an abrupt front; No. 4. negative surge with a steep front; No. 5. a surge of a wave sMtar 
to fig. 4,566, with a 5 micr ow «v»»«d front; No. 6, negative surge with a 5 microsecond ftoag; 
No. 7, poritive surge with a 200 mkrosecond front; No. 8. negaUve surge with a 200 rnkiw- 
aacOBd front: No. 9. 60 cycle altaiaating voltage; No. 10, positive surge above the working 
M«ge ot the ingnaaent: No. 11. negative surge occurring above the working range of the 
faMfrument 





2,658 


Miscellaneous Meters 


Again, if the surge be altemati^, as in hg. 4,567, the figure wUlidif- 
ferentiate between it and the uni-directional surges. A wave with a 5 
microsecond front requires five millionths of a second for the voltage to 
rise to its full value. Expressed in terms of a traveling wave on a truis- 
mission line, this 5 microsecond firont would represent a taper extenmng 
over one mile of transmission line. \ 

A wave with a 40 microsecond front would correspond to a taper of ^ 
miles of a transmission line. In case the voltages are higher than tho^ 
represented by figs. 4,576 and 4,577 a spark will occur and fog the plate. 



Fio. 4,578, — Network used to produce surges in the laboratory. 



Fig. 4,570. — Typical surge produced by the network of fig. 4^78. 


It is interesting to note that the pcmtive and negative surges mainUdn a 
decked difference in appearance right up to the point where a spudc 
occurs. Fig. 4,568 shows the klydono^ph that was used in obtaining 
all of the figures shown and is a convenient form for certain kinds ot kb* 
oratory work. It is not suitable, however, for graphic work. 

Figs. 4,578 and 4,579 show network used in the laboratory and typical 
surge produced by it. The diameters of the figures give a measure of tba 
mi^tude of the suiges. The poritive and native figures have differcttf 
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calibrations, the figure for positive surge being considerably larger than 
that for the negative surge of the same magnitude. 

Ground Detectors. — Instruments of this name are used for 
detecting (and sometimes measuring) the leakage to earth or 



fm, 4JIMS0 and 4.581 .**-Biperiineiital recording type of klydonograph. 


the insulation of a line or network and are sometimes called 
ground or earth indicators, or leakage detectors. 


For systems not permanently earthed anywhere, these instruments are 
nearly all based on a measureittent of the pressure difference between each 
pole and earth, two measurements being required for two wire systems, 
and three for three wire, whether direct current single phase, or polyi^bme 
alternating current. In the case of direct current systems, the in- 
sulation, both of the network and of the individual lines, can be calculated 
from the readings, but wcith alternating current, the disturbance due 
to capacity effect is usually too great. In any case, however, the main 
showing the smallest ja^ure difference to earth must be taken as being 
the worst insulated. 

For low ten^n systems moving coil (for alternating current) or moving 
Iron instruments (for direct current'* are the most used. wWle for high 
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tension systems electrostatic volt meters are to be preferred. On aifs* 
tema having some point permanently earthed at the station, as|for 
instance the neutral wire of a direct current system, or the neutri point 
of a three phase system, an ammeter connected in the earth wire will s^e 
as a rough guide. It should indicate no current so long as the insulatipn 
is in a satisfactory state, but on the occurrence of an earth it will at once 
show a deflection. The indications are, however, often misleading and 
serve more as a warning than anything else. 



Pxcss. 4,582 and 4.583. — fflemente of eleetroBtatie type of volt meter and einyle phaea 
ground detecior illusirating principle of operation. These instrumenU depend for their oper- 
ation on the attraction between a statically charged stationary vane and an oppositely 
charged , and suitably pivoted moving vane . In ^he static volt meter fig . 4,582 , the stationary 
vane A. is charged with the polarity of line B, through the condenser C, while the movable 
vane D (pivoted at £.) . is charged with the polarity of line B', through the condenser C'. The 
vane A, is so shaped and spaced from the vane D, that when it is charged , it tends to a^ttract 
the vane D, to the extreme right hand side. This attraction is opposed both by the counter 
weight F , and a weak spiral control spring. Therefore , its deflection becomes a measure of the 
voltage applied to the condensers C and C', and is indicated on a suitably graduated scale. 
In the single phase ground detectew, two stationary vanes are used, both acting on one moving 
va^r so that in case of thoroughly insulated lines, there is no deflection. Referring to Itg. 
4,583 , the stationary vanes are represented by A and A', connected through condcnsersC and 
C^ to Ikies B and B'. Asfvuming the charges on A and A\ to be eoual, the pointer indicates 
aero. If a ground occur on line B, the charge on A, is weakened, thus penmtting the charge 
on A', to draw the moving element more within its influence against the aetkm of the counter 
weight F, and the controlling spring. The deflection depends upon the extent of the ground 
on B. The pointer always indicates away from the frouaded line. 
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F 4,584. — ^Elements of three phase electrostatic ground detector. In this three phase instru- 
ment the moving vane is a spheroid, or part of a spherical shell, and is mounted on a uni- 
versal joint, having a vertical and horizontal shaft, permitting the element to deflect in any 
direction. Each shaft has a spiral control spring which holds the vane normally in oenter 
position. A suitable coimter-weight balances the weight of the vane. There are Uuree sta- 
tionary vanes provided, each connected to its respective phase by means of a suitable con- 
denser. There is no scale marked on the three phase instrument, but grounds show up by 
indicating various positions marked on the glass. A, A% and A'' represent the three sta- 
tionary vanes connected to the three phase lines, B, and B^% through condensers C, C 
lu^ The movable vane D, is permanently grounded . Assuming no groimds on the lines, 

the charges A, A' and A^', attract the vane D, equally, and consequently it stays in the 
center, its portion being indicated by a black dot in the center of the vane, which is visible 
through the circle painted on the glass. If a ground occur on line B, the static charge on the 
vane A, is weakened, and as vanes A* and A" pull equally, the vane is deflected midway under 
vanes A' and A*'. Likewise, grounds on either of the other lines will cause a deflection away 
Drawn tile grounded lines. Two grounded lines, which should cause deflection toward the 
unground^ line, if great enough to cause deflection will generally be manifested by eioessive 
current and damage at the pointo of ground. 

NOIS . — The advieabilitt/ of using a ground detector depends to a large extent on the oper- 
ating conditions of the circuit. In systems where the voltage is high and there is large electr* 
static capacity, as is the case in conduit distributing systems in large cities, or, in genera 
where tl^e is large electrostatic charging current, a partial ground has the same effect as a 
violent short circuit and causes sufficient destructive effect to transmit the trouble to other 
conductors. In some large overhead distributing systems, the total leakage unoer normal 
operating conditions, especially in wet weather, is sufficient to indicate grounds. It is obvious 
that in idl such cases nothingis gained by installing a ground detector. As a rule, on any system 
in which one conductor might become grounded without this fact being made evident by the 
tripping of circuit breakers or a similar result, the use of ground detectors is recommended. If 
the conditions be such that a ground on one conductor immediately manifests itself in some 
positive manner without reference to the ground detector, such an instrument is superfluous. 
This practi^ly limits the application of ground detectors to overhead lines which do not have 
a grounded neutral and to comparatively small underground systems. 
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hi0h i0n$U>n cireuita no other than the electroetatic type of grotind 4 e teeti ftf 
it pfac ttcaP ie where indicatiotis which are at all aenaitive are reouired » To connect other ’iypan 
of Inat mmen ta to the primary in aeries with their neceaaaryreaiatancei would conatnne an eacaMi* 
wwa imoimt of energy and produce dangerous conditiona at the awitchhoard^ while grtimid 
oatectiiif volt ineteia connected to the aei^ndaries of transformera are not at all ai^tiae* The 
alactroatatic ground detectors ana connected to the circuit tiuough oondenierat and aka faniii 
aanattive and economical. 
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Meter Connections 

In the preceding chapters, the fundamental construction 
principles of meters most commonly employed in power meas- 
urements have been fully treated. The type of meters usually 
employed for measurement of voltage, current and power are: 

1. The voltmeter; 

2. The ammeter; 

3. The wattmeter; 

4. The power factor indicator. 


Meters employed for measurement of power are the watt- 
meter, and that for power factor, the power factor meter or 
indicator as it is usually termed. 

It is the purpose of this chapter to illustrate the general 
pindples of connections as applied to the aforementioned 
meters. 

In connection of meters the relative location of the elements 
in the meter and the connection of the phase wires may differ 
from that shown in the diagrams, depending upon the con- 
vention and tlie type of meter used. Also, when any question 
arises on the use of a specific meter or instrument, it is recom- 
mended that the information be obtained from the manufac- 
turer. Any request for information on instruments should be 
complete with all the information shown on the instnunent 
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nameplate, that is, its rating, serial number, when the instru- 
ment was purchased, and a description of the special conditiofls 
under which the instrument is used. \ 

V 

Definitions. — The terms meter and instrument are used alternately to 
designate a certain device such as an ammeter, voltmeter, wattmeter, etc. 
By definition, an instrument is a device for measuring the present value of 
a quantity under observation. An instrument may be an indicating 
instrument or a recording instrument. 

The term “instrument” is used in two different senses; (a) instrument 
proper and (b) to include not only the instrument proper, but in addition, 
any necessary auxiliary device such as shunts, shunt leads, resistors, 
reactors, capacitors or instrument transformers. 

The term meter is also used in a general sense to desigftate any type of 
measuring device including all types of electric measuring instruments. 


Ammeter Connections. — An ammeter should always be con- 
nected in series with the load — never across it. When an 
ammeter is connected to a current transformer, the current 
transformer secondary should be grounded. 

Make certain that the meter is of sufficient capacity to 
measure the current flowing through the wire or conductor 
whose current it is desired to measure. Check the current 
transformer ratio, and the shunt resistance to be used in each 
instance, with the scale range of the meter to insure a suitable 
pointer deflection before the current is sent through it. 

When it is desired to use a direct current instrument to 
measure the current flowing in an alternating current circuit, 
a rectifier must be used. 

Whenever a shunt is used with a milli-voltmeter to read 
current, always check to make certain the leads with which the 
instrument was calibrated are being used. 
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Fia. 4587-3. — Typical ammeter connection for d.c, measurement. 



*^58^. — ^Typical connection of d.c. nulli-voltmeter and shunt when used Ibr j m i 

of current. Shunts are frequently used with milli-voltmeters for measurefnenta of fattM 
currents. If the instrument reads backwards, reverse the instrument leads. 



Miscellaneous Meters 


2,667 



Fto. 4587-5.— Typical dx* ammeter connections when used with shunt. 


Voltmeter Connections. — A voltmeter should always be con* 
nected across the load — never in series with it. When a volt- 
meter is connected to a potential transformer, the potential 
transformer secondary should be grounded. 

To extend the range of a voltmeter, a multiplier may be 
used. If a higher rated voltmeter is not available, use a 
potential transformer. 

When external resistance multipliers are used, check both 
the serial number of the instrument and that of the multiplier 
to make certain of the correct combination. 

When a potential transformer is to be used, always make 
sure that the instrument is connected to the secondary or low 
voltage side. Make certain that the voltmeter leads are 
properly insulated for the voltage that is to be measured. 
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Fig. 4587-6. — ^Typical voltmeter connection for a.c. measurement when used with potential 
transformer. 


SI 


UNE 


LOAD 


VOLTMETER 



Fm. 4587-7.— Tyitol voltmeter csoimection. If the instrument leads bad c wa id s, nvene the 
■raitrunient leads. 
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' * 

VOLTMETER MULTIPLIER 


Fig, 4587-8. — Typical voltmeter connection when used with multiplier. 



Fig. 4587 - 9 .«-Typical connection diagram of voltmeter and ammeter in a single phase dreult. 
When the instruments are connected as shown, the voltmeter measures lint solraft, mi ImmI 
mlrait. Ttie ammeter measures had current only. 
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VoU and Ammeter Connections. — ^Since in a unidirectional 
current, power is the product of voltage and current,! the 
power taken by a certain load may be obtained by conneaing 
the meters as shown in figs. 4,587-9 and 4,587-10. ' 


Wattmeter Connections. — Instead of using two separ^e 
instruments, however, to measure the power consumed by the 
load, it is customary to use a single instrument called a watt- 
meter. Wattmeters are provided with scales, usually gradu- 
ated in watts or kilowatts. 

\ wattmeter is an instrument containing within itself two 
elements, one having an ammeter part of low resistance to 
measure the current and a voltmeter part of high resistance for 
measurement of the voltage. 

The indicator shows the product of the volts times the 
amperes, that is, the watts. 

A wattmeter, therefore, usually has four terminals, two for 
the ammeter leads and two for the voltmeter leads. The 
utmost care must, however, be exercised to use the proper 
terminals, as an error in this respect may ruin a very valuable 
instrument. 

Pigs. 4,587-11 to 4,587-23 show the methods of connections 
under various conditions of service. When the wattmeter is 
used with both voltmeter and ammeter, the ammeter terminals 
are connected in series with the load whose power it is desired 
to measure, whereas, the voltmeter terminals are connected 
across the load. 


PoteiUial transformers are recommended on circuits having a potential 
above 300 volts. On circuits of 7.50 volts and above, potential and cur- 
rent transformers should be used. 


When a wattmeter is used with current and potential transformers, the 
transformers secondary should always be grounded. 
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Fio. 4587-10. — ^Typical connection diagram of voltmeter and ammeter in a single phase drcuit. 
When the instruments are connected as shown, the voltmeter measures had pottage, not tine 
eoUagfi. The ammeter measures load current plus polimeter current. 



hm. 4887-11.— -Typical wattm<iter connection in a single phase drcoit. When conneded as 
Itomt the instrument is measuring power load plus tosses in its own eurrenf ooil eireuit, . If 
rim taatnunmit wads backwards, reverse the current leads. 




2,672 


Miscellaneous Meters 



Fxfi». 3587-13. — Typical wattmeter connection in a single phase circuit, when used with 

multiplier . When connected as shown the instrument is meastiring pmv§r had plus h$s$$ in 
its own potential and multiplier circuit. 
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Fia. 4587-14. — Typical wattmeter connections in a single phase circuit, when used with 
potential and ctirrent transformer. 



Fig* 4»587*15. — ^Typical wattmeter and voltmeter connections in a single phase dxcuit* When 
ooimcted as shown the wattmeter measures pow^r had plus hsses in i/u foUmatai and undh 
mn«r pahntial circuits. 
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VOLTMETER WATTMETER 



Fte. 4,587-16. — ^Typical voltmeter and wattmeter connections in a single phase ciictiit. 'When 
connected as shown, the wattmeter measures power had plus losses in its own current coii 
citcuil. 



Tyi»cal wattmeter, voltmeter and ammeter connections in a nhfi fif dru 
* tn« pow«r factor ^ the circu^y^ 

dividing ^ watti^er readu^t by the product of the voltmeter and ammeter 

?* the wattmeter measures power had pim hmm 4m ike 

mmawter ama Ufoiimeter curreni*cotl ctrcuti. 
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Fko. 4,587<18. — ^Typical wattmeter, voltmeter and ammeter connections in a single phase 
cimiit In a meter combination of this type, the power factor of the circuit may easily ht 
detentuned by dividing the wattmeter reading by the product of the voltmeter and ammeter 
readings. When connected as shown the wattmeter measures the sum of ike pmaer losses ej 
ike loud, the potential circuit of the wattmeter and the toUmeier. 


NEUTRAL 



4,587*19. — ^lypical connection diagram of a single wattmeter in a balanced three-phase, 
Ibitr-wire circuit. While only the wattmeter connections are shown, the vedtmeter and 
ammeter may be connected as illustrated in the two preceding dtagrams. When ecamected 
as shown, the power of the system is three times the indication of the single wattmeter, the 
wattmeter Indioites its own potential losses plus the power in one phase of Ike had. 
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Fjq. 4 •587-20. — Typical connection diagram of two wattmeters connected for three-phase 
balanced or unbalanced voltages or load. When connected as shown, the two wattmeters 
will not indicate alike even if the load is balanced. Thus, for example, above 50% power 
factor, the three-phase power is the sum of the two readings. Below 50% power factor* it 
is necessary to reverse the reading of one wat t meter (by reversing its current leads) and then 
take the difference between the readings of the two instruments. 



4f5S7-21» — Typical wiring diagram showing two wattmeters connected for tim phani, 
balanced or unbalanced load. 
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Fio. 4,587*22. — ^Typical wiring diagram showing connection of a polyphase wattmeter in a two- 
phaae, three*wire circuit, balanced or unbalanced voltage or load. 


UM£ 



WATTMETER 



Fio. 4,587-23.— Typical wiring 
diagram showing connection of 
a polyphase wattmeter in a 
three-phase, three-wire circuit. 
It should be observed that the 
accuracy of tests made with 
single-phase wattmeters will be 
somewhat higher than those 
made with pciyptme watt- 
meters Voltage rmiges can be 
extended by the use of multi- 
pliers or transfeamers. To 
obtain high accuracy the in- 
struments should be used at 
40% of ra^ed current or ajbove. 
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Power-Factor Meter Connections. — ^The power factor df an 
alternating current circuit is measured by a power-fifctor 
meter. 

By definition, the power factor of a circuit is the ratio ^ 
tween the effective power and the apparent power. It ms 
previously been shown how the effective power in a three-ph^ 
circuit may be measured by means of two wattmeters. 

If, in addition to the two wattmeters shown in fig. 4,587-20, 
a voltmeter and an ammeter be connected in the circuit in the 
conventional manner, the apparent power is found by multiply- 
ing the product of the voltmeter and ammeter indications by 
1.73. If the system be only slightly out of oalance, the avera^ 
readings of an ammeter placed in each lead successively may be 
taken as the current, and the average voltage between the 
leads as the potential. 

Since the active or effective power may be obtained from the 
wattmeter readings and the apparent power from the readings 
of the volt and ammeters, the power factor of the load may be 
obtained from the equation: 

Tj t . Effective power 
Power-factor = or 

Apparent power 


Power factor = 


Sum of wattmeter readings 
1 .73 X average line volts Xaverage line current 


In order to obviate the necessity of using four meters with the acooffl' 
panying high cost and complications, one single instrument knoum as the 
power-factor meter may be used to obtain the power factor of the load. 

This type of meter by its design contains the necessary ekanents for 
measuring the power factor by a direct indication. 

Typcal power fiictor meter connections in various power systems are 
SiKwn in fi^. 4,587-24 to 4,587-26. 
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Flo. 4,587*24. — ^Typical power factor meter connection when uaed on a single phase circiiit. 
Single-phase power factor meters should be used only at the calibrated frequency. 



Fm* 4»587*25*— Typical power factor meter conne€tk»i when used on a three-phase, three^wire 
. drcttit. 
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TEST QUESTIONS 

1. Name a few meters of a miscellaneous nature. 

2. What is the construction of a power factor meter? 

3. Name two types of power factor meters. \ 

4. How does a watt meter type power factor meter work? 

5. Describe the disc or rotating field type of power fac-- 

tor meter. 

6. What is the ordinary range of power factor measure- 

ments? 

7. What is a phase indicator intended for? 

8. Give one method of checking the connections of a 

3 wire, 3 phase power factor indicator. 

9. What is the special use of the phase indicator? 

10. State briefly the principle on which phase indicators ^ 

operate. 

11. What is a synchronism indicator? 

12. Name three types of synchronism indicators. 

13. Describe the lamp or volt meter type of synchronism 

indicator. 

14. Describe the rotating field type of synchronism in- 

dicator. 

15. What is the principle of operation of the rotating 

field type synchronism indicator? 

16. What is the object of a frequency meter? 

17. Name three types of frequency meters. 

18. Describe the several types of frequency indicators, 

19 Explain how to read a Frahm frequency meter. 
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CHAPTER 87 

Measurements of Power 

There are two principal methods whereby power may be 
measured in a three-phase system, namely: 

1. The three-wattmeter method, and 

2. The tUHhwattrneter 

With reference to fig. 1 employing three wattmet^, the 
total power delivered is equal to the sum of the individual 
meter readings, or 

p=Wi-|-W,4-W,,watts (1) 



Vte. 1. kleMiiniiMint of thno-phate poow by o im i to y ii i ei it of tfarw wsttmetMt. 
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If the star center of a load is not available as is often the 
ca^, or if the load be connected in delta, correct wattmeter 
readings may be obtained by connecting the three ends of 
voltage coils together 

If the load be balanced, the total power may be determined 
from the readings of a single wattmeter since the power is ^ 

P=ZWy watts 


or three times as great as that indicated by one wattmeter. 

In the two-wattmeter method the wattmeters will measure 
the total amount of power if connected as shown in fig. 2. The 
corresponding vector relations are shown in fig. 3 



Fiob. 2 and 3. — Measurement o! three-phase power by using two wattmeters. The number of 
wattmeters (H^m) required if there be N phases are H'm* N— 1, that is, Uie number of 
meters are one less than the number of phases to be measured. 


With reference to fig. 2, Wi is connected to n^asure current 
/« and the voltage Ea-h- The angle between the voltage and 
current is (30 — The readings of meter Wx is 

Wi=£/cos(30-^) watts (2) • 

Similarly the reading of meter Wi is 

W8»£/cos(30-f^) watts (3) 
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The three phase power is 

Wi~\~ Wi = J£/cos(30~^) -f" iB/cos(30*t*^) 

Substituting the equation for the cosine of the sum and 
difference of two angles (from trigonometry) we obtain 

P = El {cos 30 cos<^+sin 30 sin^) + 

El (cos 30 cos«#> — sin 30 sin<<>) 

and , 

P — Ell ~ ~ cos<^-f*— sin<^-i- 

from which 

P —y/ZEI cos4>, watts (4) 

This is the general formula for power in a three-phase circuit 
as previously developed. 

When the phase angle <t> is less than 60® (that is, the power 
factor is greater than 0.5) both wattmeters will read on scale 
and the total power is 

P^Wi-\-Wiy watts (5) 

When the phase angle is equal to 60®, wattmeter Wt will 
read zero since h will lag the voltage by 90®, and Wi reads the 
total power of the system. In this case the power factor equals 
0.5. 

Finally when the phase angle is greater than 60®, that is, the 
power factor is less than 0.5, reads negative and the con- 
nection to the current coil must be reversed, and since its 
resultant reading is negative, the total power is 



t6) 


watts 
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If it be desired to obtain a relation between the phase 
and the two meter readings, we may write 



Wi-W 2 _ EI cxys {20-<t>)-EI CO& (30+^) 
El cos cos (3O"|“0) 


W,~W, _ 2sin30sin» ,, 3 ^ jg 
Wx+Wi 2 COS 30 COS 0 ^ Vs 


or 


ti4>^V3 


Wi-Wt 

Wl+W2 


(7) 


In the above formula 4> is the angle of lag, or lead of the 
current and W^i and the readings of the wattmeters. 

A table giving the value of the power factor (cos 4>) for Wx/ Wx 
is inserted on page2,687and may be used for either positive 
or negative value of the quotient. 

As a suitable exercise in the treatment of the above formulas 
the following examples are given: 


Example. — The power supplied to a three-phase mductum 
motor is measured by two wattmeters which read 9 and 5 kilowaUs 
respectively . If the line potential be 440 volts, how much currerU 
does the motor draw from the line? 


Solution.— The angle of lag of the current is obtained by 
inserting the above values in formula for fg ^ or 
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Wx--Wt 


'VS; 


9-5 

9+5 


»0.495 


and ^ »26.3** and cos 4 »0.9 (appronmatdy) 

Since in this instance the phase angle is less than 60** (i.e. 
the power factor is greater than 0.5) the total power is obtained 
by an addition of the two meter readings or 


p s> Wi+Wt “9+5 “ 14 kilowatts 


We may write 


14,000 «\/3 X440X /XO.9 


from which 


14,000 

\^X440X0.9 


>20.4 amperes. 


Ans. 


Example . — Two wattmeters are used to measure the power in a 
balanced three-phase circuit. The line voltage is 240 voUs, the line 
ament is 50 amperes and the phase power factor is 80%. WhtU 
are the readings of the two wattmeters? 


Solndoa. — 

The reading of wattmeter 

Wi“£/cos (30-^)“240x50xcos (SO^-SG.O**) 

“ -240x50x0.9928“ -11.9136 kw. (Backward) 

Reading of wattmeter 

Wi“£/cos (30+4)»240x50co 8 (30‘*+36.9®) 
“240x50x0.3923“4.7076kw. (Correct) 
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The total power 

= 1^1+ W 2 = 11.9136+4.7076 = 16.6212 kw. Am. 

The same total i)ower will be obtained by the use of equa^on 
P=EI cos <^\/3 =240x50 x0.8\/3 = 16.6212 kw. (check) 

Example. — Two wattmeters are connected into a balanced 
three-phase system to measure the power. What is the power factor if 

(а) Two meters read the same 1 

( б ) One meter reads zero 

(c) One meter reads twice as much as the other 

Solution.— There are several methods whereby a solution to 
the above problem may be obtained. 

With reference to our formula we obtain in the first instance 

that is cos ^ = 1 or unity power factor. Am. 

(b) /»=VS^‘=V3 

Wi 

which corresponds to an angle of 60*’. Hence cos ^ «0.5. Ans» 

(c) iid> and ^ -30® 


from which cos ^ »0.866. Ans. 
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r" 



TABLE 





VALUE OF COS e (POWER FACTOR) 




FOR ® 






^ Podtive 
"1 

Wz 

Cos 9 

W2 

Cos 4 

Wz 

Cos 4 

E? 

Cos 4 

Ei 

Cos 4 

Wi 


Wl 


Wi 






0.847 

0.99 

0.554 

0.89 

0.381 

0.79 

0.246 

0.69 

0.117 

0.50 

0.790 

0.98 

0.625 

0.88 

0.367 

0.78 

0.233 

0.68 

0.104 

0.58 

0.747 

0.97 

0.507 

0.87 

0.353 

0.77 

0.220 

0.67 

0.092 

0.57 

0.712 

0.96 

0.490 

0.86 

0.339 

0.76 

0.207 

0.66 

0.079 

0.56 

o.eai 

0.95 

0.473 

0.65 

0.325 

0.75 

0.193 

0.65 

0.066 

0.55 

0 . 6S4 

0.94 

0.457 

0.84 

0.312 

0.74 

0.181 

0.64 

0.053 

0.54 

0.629 

0.03 

0.441 

0.83 

0.298 

0.73 

0.168 

0.63 

0.039 

0.53 

0.605 

0.92 

0.425 

0.82 

0.285 

0.72 

o.i8e 

0.62 

0.026 

0.53 

0 . 5S3 

0.91 

0.410 

0.81 

0.272 

0.71 

0.143 

0.61 

0.013 

0.51 

0.563 

1 

0.90 

0.396 

0.80 

0.259 

0.70 

0.130 

0.60 

0.000 

0.50 

Negative 

Wi 

0.013 

0.40 

0.154 

0.39 

0.312 

0.29 

0.498 

0.19 

0.729 

0.00 

0.027 

0.48 

0.169 

0.38 

0.329 

0.28 

0.519 

0.18 

0.756 

0.08 

0.041 

0.47 

0.183 

0.37 

0.346 

0.27 

0.540 

0.17 

0.784 

0.07 

0.054 

0.46 

0.199 

0.36 

0.364 

C.26 

0.562 

0.16 

0.811 

0.06 

0.068 

0.45 

0.214 

0.35 

0.382 

0.25 

0.584 

0.15 

0.840 

0X)5 

0.082 

0.44 

0.230 

0.34 

0.400 

0.24 

0.606 

0.14 

0.870 

0.04 

0.096 

0.43 

0.246 

0.33 

0.419 

0.23 

0.630 

0.13 

0.902 

0.03 

0.110 

0.42 

0.262 

0.32 

0.438 

0.22 

0.654 

0.12 

0.933 

0.08 

0.125 

0.41 

0.279 

0.31 

0.458 

0.21 

0.678 

0.11 

0.967 

0.01 

0.139 

0.40 

0.295 

0.30 

C.478 

0.20 

0.703 

0.10 

1.000 

0.00 


Wt 

gjQe 4. — giving ratio “ of wattmeter readings and corre^xmdtng power factor. AaMuno 
Wt 

for example that two wattmeters connected as shown in ftg. 2, are giving a positive reading 

of 1^1*46000 and Wtm 1,892. The ratio “-^^^■•0.473. The oorresponding power jfoetor 

Ivi 4,000 (€0nimut4 an tuxt pa|<) 
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Example. — In a balanced three phase 208 volt circuit the line 
current is 100 amperes. The power is measured by the two watt 
meter method and one watt meter reads 18 k.w. and the oiber zero. 
What is the power factor of the load? If the power factor were 
unity and the line current the same what would each w^tt-meter 
read? 


Solution. — The expression for power is 
P^EI cos<^v/3 


since one watt-meter reads zero 


and 


P « 18,000 = 208 X 100 xcos 0 XV5 


C 06 ^- 


18,000 

208xi00xV5 


Ans. 


With the power factor unity and the same line current, we 
obtain according to equation (7) 

Also 

Wi + W* = 208 X 100 X V5 » 36 k.w. 

That is, each watt-meter reads 36/2 or 18 Kw. Am, 


fcNrthkratiofrofii tal)le»0.8Sor 85%. Asacheck we may insert our values in equaikm 
^Wi^Wt ^ 4,000 >>1,89 2 .2,108 ^ 

4.0(X>+1.8W“ V3 5,892'"® 


and The power factor corresponding to this angle is 0.8499 or $5%, 
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CHAPTER 88 

Switchboards 

In all buildings where electricity is generated, converted, 
transformed, or utilized to any great extent, the control of the 
equipment is arranged , in so far as practicable, for the most con- 
venient attention and operation. 

The control and indicating devices are mounted on some 
form of structure at a particular point, and the whole assemblage is 
known as a switchboard. 

The design of switchboards is dependent upon the kind and capadty of 
apparatus to be controlled, the types of devices to be used, the buildings in 
which the switchboards are to be installed, and upon future additions and 
alignments with existing installations. 

Switchboards are usually built of 

1. Slate. 

2. Ebony asbestos. 

3. Marble. 

and they may be classified as 

1. live front boards (vertical). 

2. Live front boards (bendhi). 

3. Dead front boards. 


0. Safety enclosed, vertical. 
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b. Safety enclosed, sectional. 

c. Safety enclosed, truck. 

Special designs are also built when necessary to meet imustial require- 
ments. t 

Foundation. — The switchboard should stand on a level 
foundation sill made of hard wood or channel iron, as shown in 
figs. 4,626 to 4,629. The sill must be rigid and heavy enough 




Figs. 4,626 to 4,629, — ^Standard sill and switchboard sub- base arrangements. 

so that the panels will not be thrown out of line by settling. 
Standard 6 in. channels are best, although hard wood sills 7x2 
ins. may be used and are recommended where insulated frame 
wcH'k is required. 

The sill should be securely anchored. Drill the channel sill for anchor 
bolts to suit floor construction. A method of grouting the channels is 
shown in fig. 4,632. 

A small brick pier should be built at each end, and sand or piaster piled 
along the sides of the channel to prevent the cement leaking out. The 
mixture should be about one part sand to one part cement axul should flow 
freely. By pouring it into the piers until the level rises above Ae top of the 
channel, a head will be produced which will force the cement undeni«ith 
the channel. 
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Fig. 4,630. — ^Arrangement of channel base when end grill is not used. 


DOTTED POSITION OF 
^HANGER IS USED WHEN 



The tapped holes in the sill 
should be plugged with wood 
before pouring the cement, or 
the bolts for the floor flanges 
should be screwed into the 
channel temporarily to the 
maximum depth, in order to 
prevent the cement filling 
them and making it difficult 
to fasten the flanges to the 
channel. The grouting 
sliould be allowed to set for 
twenty-four hours before 
mounting the panels on the 
sill. 

It cannot be too strongly 
emphasized that the leveling, 
anchoring and grouting of 
the sill are important opera- 
tions and the final appear- 
ance of the switchboard is 
dependent largely on the care 
and patience exercised. 


Vvs. 4,831.-— Amu^enent of channel base, panel sub-base, and panel supports, sbowinz pt*- 
fern^ and alternative locations of lower vertical banger for pipe mechanism, foe remote 
ficmtrolM oil circuit breakers. 
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The method of anchoring panel braces is dependent on construction of the 
wall. Heavy panel equipment requires solid fastenings. Expansion bolts, 
through bolts, or an angle iron bolted along the wall may be used, i' 


\, 

Erection. — The panel frame consists of either 1)4 in. i^Mright 
jripe supports, angle irons, or, in cases where the equipnient is 




exoepticmally heavy, channel irons. A standard method of 
bracing switchboard panel supports is shown in fig. 4,634. Re- 
gardless of frame construction and method of shipping panels, 
whether assembled or dismantled, the middle panel shoidd be 
erected first, plumbed and braced securely. 
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Pig » 4,634 . — ^Pipe frame structure for a 90 inch board . The best results in a finndied awitchboanl 
are obtained by first setting the frame structure accurately. Plumb and align it caieftilty 
before bolting it to the silt and wall 



Vte.4«63S^Braetliig a switchboard of three aectkm paneb whidi Imve been ililiipad at 
dnal iMltoi* Laatharoid waaliaci are f4aoed between the panels and pipe fittingi to ahiB 
the fitmtaartee of the board. Each row of eactloos is kveled and aligned cosa p iBlilybaiw 
the panel boita am tightaned. 
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stiffnessandweightand their ease of assembling and adjustment. 
Note the suggested method in figs. 4,647 and 4,648, of bracing 
a switchboard when the board extends across a window Of other 
opening in the wall. 

All such structures should be well braced together to avoid any fleidbility 
that might tend to affect operation of oil circuit breakers, or transmit jars 
from them to the panels. The threadless clamp fittings offer in this respect 
the best facilities for perfect adjustment. In heavy capacity installatiotjs, 
avoid carefully any complete magnetic circuits aroimd a conductor carrying 
a great amount of current. 



Figs, 4,638 to 4,640. — ^'fypical bench board conBtruction. Fig. 4,638 crow section, fig. 4,639 
front view; fig. 4,640, badk view. 


Make sure of an effective ground and see that paint on pipes or fittings 
does not prevent a good connection. There should never be more than three 
chunped or screwed joints in series for each ground connection. 

caps should be slipped on the exposed ends of all pipes to improve the 
general appearance of the installation. All metal v'ork should be painted 
hom time to time for protection and appearance. 
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Classes of A.C. Switchboards.— Depending upon the mount- 
ing and method of operation of the apparatus a.c. switchboards 
may be classified as 
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Figs^ AMSa sad 4«64^.~--A|q]lkfttkm of swii 
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Direct Control Switchboards. — ^This type of board has all the 
apparatus mounted, either directly or partly upon the panels 
and the remainder on the panel supporting ftWe' work. A 
direct control board is shown in fig. 4 ,^9 . \ 


Manual Remote Control Switchboards. — On boards of this 

type only the lighter pieces of ap- 
paratus are mounted. The main 
circuit breakers and their as- 
sociated apparatus are supported 
upon suitable frame work at a rea- 
sonable distance from the panel 
board. 


The oil circuit breakers or other switch- 
ing devices are operated by means of suit- 
able operating rods and links attached to 
a handle or handles on the front of the 
panels. Fig. 4,650 sliows a manual re- 
mote control board. 
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Pig. 4349.— Westint^tome goo virit. diractcontndndtchboard fortheeontralori toStlteme- 
tora. Tliisbaaidiade«ignedforthecontnriof£raailto3alternatoninHiialliiiditatrialiiiaitta 
ortecdatedgenenitingstatioiiaoperatingateoO volta or lew. The panels are approsimatehr 
48 indtea high, mounted on tubular pipe frame work, with the top the panel appraahaat^ 
76 itirfMi* from the floor line. Sometimee the panel hat a lower eection, odwr times not, 
A» p>nrirny upon thg amount of apparatus to be mounted upon the respective osneh. Usuallf, 
the opacity per penel is limited to about 600 ampeiea with not nwta than 6 panels aggiw* 
9itin( 1300 anveree total. In this type of board, the inetnunent and oantrotaqiaipaMat Is 
to • and only Uwse netefs Uwt am absohitdy w e asia i y to tha prapar 

opsntioB an pmvidod- 
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The electrically controlled switdiboard usually takes one of 
three general fornis, namely: 



Pxo« 4»6S0.-->Manual remote control switchboard. Boards of this type oftoi have the < 
fsneral meter equipment as the direct ccmtrol board. Since they umially have control over 
larger amounts of power, the metering equipment is apt to be scwnewhat more elaborate and 
the i^y equipment is more complicated. They are applicable where the simplicity of eon* 
necttons or accessibility desired cannot be obtained with the panel mounted apparatus or 
where station capacity or voltage is so high as to make it desirable to mount the ad circuit 
bceitemapart from the panel and where the station arnmgement permits the use of manually 
0 |MHUted,minom controlled oil circuit breakers. The mechanical limitations of the manual 
lemoteoontrol switchboard are; 1. Diatanoe between locatkm of the switchboard panel and 
lUeoci^ted oil switching devices. 2. The ^ort required m o|M»atetlwswitdhingdeyioei 
through the system ol bell oanka and coiuiec t l^ Thiausindlyliiidmtystypeofl^^ 

to statloiia of 25^000 ihn. sapicity. 
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1. The panel board. 

2. The combination control desk and elevated instrument 
board 

3. The combination bench section and instrument panel 
board. 

There is practically no limitation to the application of the electrical, 
remote control switchboard, if the necessary control course be available. It 
finds its greatest tise, however, in plants of heavy capacities requiring elec- 
trically operated apparatus, or where the distance between the board and 
switching devices makes the application of hand operated apparatus unde- 
sirable. 

Requirements. — Obviously, the kva capacity of the generat- 
ing station, both present and ultimate, has a direct bearing on 
the limitations of the above class of switching equipment. In 
general the switching apparatus should be capable of inter- 
rupting the worst possible short circuits that can occur. 

The amount of short circuit energy is dependent upon the 
koa capacity of synchronous apparatus connected to the system, 
its inherent reactance and the impedance of intervening trans- 
former apparatus and connections. 

The amount of energy that a circuit breaker would interrupt in the case 
of short circuit is not that indicated by the nominal rated capacity of the 
station, but the maximum power the synchronous apparatus is capable of 
passing through the breaker to a point just beyond, at the instant the 
breaker opens. Accordingly, the greater the duty demanded of the dmiit 
breakers, the more rugged and heavier this piece of apparatus must be. 
This in turn usually determines the class of switchboard for the probl^ at 
hand. Therefore, only breakers of relatively small interrupting ability and 
small physical size can safely be mounted on the rear of panels, with the 
result that the direct control switchboards should be limited to stations of 
restricted current capacity and 2,500 volts or less. The reasons for these 
limitations lie chiefly in danger to operators, of high voltage and high pow- 
oed apparatus when in close proximity with the low voltage control , instru- 
ment wiring, etc. All of these require inspection and occasioaal mainte- 
nance. 

In other instances mechanical reasons may ue the deciding factors. 
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In general, it is recommended that no oil circuit breakers 
having a continuous current capacity of more than 800 amperes 
be used on direct controlled boards. Furthermore, no direct 
omtrol a.c. type of board should be employed for stations hav- 
ing a capacity greater than 3,000 kva. 

Such limitations naturally restrict the direct control board into what may 
be termed small capacity isolated generating stations or substations. 

It is obvious that there is no sharp dividing line between the choice of a 
direct control board over a manual remote control board or between the 
manual remote and the dectrical remote control board near the tqpper 
limit of the first two classes of switchboards. 

Yfsry often local factors will indicate the desirability of using the next 
higher dass of board even though the amount of power controlled is within 
the usual limits of the lower class board. Generally speaking, the limita- 
tions of the direct control board are electrical while die manual ronote con- 
trol board limitations are largdy of a mechanical nature. 

Chtdce of Switching Arrangement. — Before attempting to 
select any particular type of switchboard, a complete skekUm or 
singk line diagram of main connections for the proposed station 
should be prepared. After this has been studied carefully to see 
that it will meet operating requirements of the proposed project, 
calculatifms should then be made to determine the rupturing 
capacity required for the various oil circuit breakers. Such a 
study may bring out the desirability of modifying the sdheme 
of main connections by the use of current limiting reactors or 
transforms to limit the concentration of power at any cm par- 
ticular spot in the sjistem. 

In making a choice of switching arrangement, probably the first item of 
consideration is vdiether this particular statkm is of rdativdy little im- 
portance or not with respect to the vdiole system. 

If the entire statkm could be dispensed with for a short time without 
materially affecti n g service, then an inmpensive switdiing scheme would be 
jttsrified. If the station be a major one a^ continuity of service be of prime 
hmmrtaaoe, as it vsuallv is, a more dabwate switching sdieme mud be 
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Figs. 4*692 to 4*701 . — ^Diagrams illuatrating general princti^es of switchboard consiactioiia. 
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General Principles of Switchboard Connections. — ^The inter- 
ccmnection of generators, transformers, lines, bus bars, and 
switchels with their relays, in modem switchboard practice- is 
diownby the diagrams, figs. 4,692 to 4,701. The figures being 
lettered A to J for simplicity, the generators are indicated by 
black discs, and the switdies by open circles, while each heavy 
line represents a set of bus bars consisting of two or m<»e bus 
bars according to the system of distribution. It will be under- 
stood, also, in this connection, that the number of pole of the 
switches and the type of switch will depend upon the particular 
system of distribution employed. 

Diagpun A, shows the simplest system, or one in whidi a single genoator 
feeds directly into the line. Th^arenotransfcmnersorbusbarsandonly 
one switch is sufficient. 

In B, a single generator supplies two or more feeders through a mng^ 
set of bus bars, requiring a switch for each feeder, aiul a single generat(»r 
switch. 

In C, two generators are required and the addition of a bus sectioQ 
switch. 

D, represaits a nxunber of generators supplying two independent dr* 
cuits . The additional set of bus bars employ^ for this purpose necessitates 
an additional bus section switch, and also additional selector switches for 
both feeders and generators. 

E, shows a standard system of connection for a city street railway system 
having a large number of feeders. 

This arrangement allows any group of feeders to be supplied from any 
group of generators. 

It also permits the addition of a generator switch for each generator. 

F, represents the simplest system with transfoimers. 

It requires a single generator transformer bank, switch and line. The 
arrangement as shown at F, is used where a number of plants supply the 
same system. 

G, represents a system havittg more than one line. 

In this case a bus bar and transformer switch are used on the high tension 

H, shows a number of generators connected to a set of low tenskm bus 
bars through generator switches, and employing a low tension tramfooner 
switch. 
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Switchboard Panels. — ^The term “panel" meansjthe slab of 
marble or slate upon which is mounted the switchies, and the 
indicating and controlling devices. There are usually several 


-1 



4»706 to 4,708. — ^Diagrams of connections for alternaicM: panels. JCtif fo sirmftol ti A , 
ammeter; A.S., ammeter switch; C.T., current transformer; F>p fuse; dhect current 
field ammeter; F.S., field switch; O.C.S., governor control switch; t.S.p limit swit«± (in- 
cluded with governor motor); O.S., oil switch; polyphase indicating watt meter; 

polyi^iase watt hour meter; P.R,p pressure receptacle; pressure plug; 
ilieostat; 5., shunt; synchronising receptacle; S.P*, ssmchratiisiiig plugs; tanainal 

board lor instrument leads: alternating current volt meter. 
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panels comprising switchboards of moderate or large size, these 
panels being classified according to the division of the system 
that they control, as for instance: 

1. Generator panel. 

2. Feeder panel. 

3. Regulator panel, etc. 

In construction, the marble or slate should be free from metallic veins, 
and for pressures above, say, 600 volts, live connections, terminals, etc., 
should preferably be insulat^ from the panels by ebonite, mica, or removed 
from them altogether, as is generally the case with the alternating gear 
where the switches are of the oil type. 

The bus bars and connections should be supported by the framework at 
the back of the board, or in separate cells, and the instruments should be 
operated at low pressure through instrument transformers. 

The panels are generally held in position by bolting them to an angle 
iron, or a strip iron frame work behind them. 

Generator Panel. — ^This section of a switchboard carries the 
instruments and apparatus for measuring and electrically con- 
trolling the generators. On a well designed switchboard each 
genmitc»: has, as a rule, its own panel. 

In the case of a high pressure alternating current plant of con- 
siderable size, the bus bars, oil switches, and the current and 
pressure transformers are generally mounted either in stoneware 
cells, or built on a framework in a space guarded by expanded 
metal walls, and no high pressure apparatus of any sort is 
brought on to the panels themselves. 

Feeder Panel.— The indicating and control apparatus for a 
feeder circuit is assembled on a panel called the feeder panel. 

The most common equipment in the case of a direct current 
feeder pan^l comprises an ammeter, a double pole switdh, and 
double pole fuses or instead of the fuses, a circuit breaker on one 
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or both poles; in the case of a traction feeder, a choke coil and 
a lightning arrester are often added. ; 

The equipment of a typical high pressure three phase feeder 
panel is an ammeter (sometimes three ammeters, W in each 
phase) operated by a current transformer, and oil bi^e switch 



Pigs. 4»709 to 4,716. — Diagrams of connections for three phase feeder panels. iCep to 
A, ammeter; A.S., three way ammeter switch; B.A.S., bell alarm switch; C.T., ciirmiit 
transformer; F, fuse; O.S.. oil switch; P.I.W., polyphase indicating watt meter. 
polyphase watt hour meter; T.B,, terminal board; T.C., trip coils for oil switch. 

with two overload release coils, (»• three if the neutral of the cir- 
cuit be earthed, the releases being opmited by current trans- 
fonners. 

Trade Type Switchboarda. — Recoitly anoth^ fonn ot 
switchboard arrangement has come into use for certain dasaes of 
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service and is commonly known as the truck type panel as 
shown in figs. 4,717 to 4,722. The bus bars are mounted in a 
steel housing and the panel, circuit breaker and instrument 
transformers are on a removable truck. The housing and truck 
carry disconnecting devices for both primary and seojndary cir- 
cuits. The truck is mechanically interlocked with the housing 



so that it cannot be in- 
serted nor withdrawn im- 
less the circuit breaker be 
opened. The breaker can- 
not be closed unless the 
truck is in the operating 
or in the disconnected 
position. 


Pic. 4,717 ■— .Wet ttrvgb oi we aauU trade type twitchboird: froot view cdl. 


Truck type panels are equipped with either manually operated or dec- 
tncally operate circuit breakers as may be desired, and they are applicable 
for any service connected with the generation w distribution of electrical 
power within the breaker interrupting rating . 
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2. All parts requiring inspection are on a removable truck which is 
“dead” on all sides when removed from the housing. 

3. Automatic shutters cover the opening through whichr-the main dis- 
connecting contacts pass so that the truck compartment is safe to enter 
when the truck is removed. 

4 . A truck may be replaced by a spare one in a few moments' time and 
the circuit breaker inspected without a prolonged interruption of service. 
Maintenance is thus made both safe and easy. 

5. The installation wcffk for the put- 
chaser is, in general, much less than for 
ordinary manual direct control board as 
the equipment is shipped completely 
assembl^ in units. The purchaser 
merely has to fasten the housing to the 
floor steel work, install the bus bars, 
make cable connections and fill the 
circuit breaker tank with oil. 

This type of panel equipment 
is becoming very popular for in- 
dustrial sub-stations when the 
grade of switchboard attendant 
is not of the highest order. 

It is also used to quite an extent for 
station auxiliary circuits in power 
houses where time is an important fac- 
tor in restoring service after an inter- 
ruption. 


Fig. ^J2O.--*W0Biin0hou*e trwk type awitchboard amairueiion^ 3 bus and lead 
compartments. Barriers removed. 



NOTE. — Truck type awUchboerda originated in Europe and England where the laws and 
leguiations governing safety features for the protection of employees are very stringent. The 
progress of the safety first movement resulting in the enactment of laws in many states has 
eieated a strong demand for them in this country. The complete protection from electrical 
hasard allows the employment of cheap, unskilled operators with the degree of safety implied 
by the spirit of the safety first movement, if they be sufficiently intelligent to follow in^mc* 
tions for operating the switches. 
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The truck type switchboards are often of the electrically operaU5l|i type 
with the usual separate control panels similar to any electrically o]|ierated 
b^rd. The breakers with associated instrument transformers are lifted 
on trucks rather than on permanent frame work or cell structure. 

Theatre Switchboards. — The lighting requirements of the 
various classes of show houses differ greatly, and no one type of 
control equipment can be expected to fulfill all conditions with 
maximum satisfaction. Several types of switchboards are 
necessary to meet the requirements of the different classes of 
theatre; the latter may be classified as 
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1. Legitimate. 

2. Vaudeville. 

3. Motion Picture, 

etc. 

The several types of switchboards designed to meet the varied 
requirements are 

1. Direct control switchboards. 

2. Pre-selective switchboards. 

a. Two screw. 

b. Multi-screw. 


IHrecl control switchboards . — 

Tumbler type direct control boards can be used in school 
auditoriums, small motion picture theatres, churches, and in 
other places where it is possible to provide skilled attendance for 
the switchboard, or where the cost of equipment must be kept 
low. 


To obtain ma-iimum results with a board of this type requires a first class 
operator, and better satisfaction will usually result, with the eliminatk>n of 
possibilities of errors, by the application of a pre-set board. The operating 
possibilities of these boards are such that independent pre-sets can be made 
in each color group. 

Each group is under the control of a master switch, which can feed 
energy to the complete group of circuits in its color group, or to any (tesired 
idection of circuits in the group . 

The circuits can be arranged so that the complete lighting is controlled by 
a master switch at the board. Each color group taken care of on this type 
of board is normally provided with its own dimmers. The circuits are con- 
veniently grouped so that economy of material and apparatus can be tax- 
zied out ^actively. The constant circuits can be controlled from the 
switchboard. 
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Pre-sekctive switchboards . — | 

The pre-selective board allows the operator to set Wp the 
lifting for a second scene or act, while the first scene lighting is 
being used. It is well adapted for use in vaudeville thi^tres. 
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Fm. 4,723. — ^Weatinghouae diagram of conmctionaot a pre-aelective type theatre ewitchboard. 
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because in this service, it is not expedient to set up the lighting 
for more than one scene in advance, owing to the nature of the 
program. 

In the hands of a skilled operator the pre-selective board provides a very 
satisfactory control for this service, with a lower energy consumption, due 
to the fact that the contactors are latched in, rather than held in by an 
electro magnet. 

On the stage pilot board the lighting for one scene or act can be pre- 
selected in any combination of colors and at any time that scene lighting 
may be thrown on by the main master switch. This energizes the coil of 
the master contactor, which at the moment of closing feeds energy through 
all the control circuits set up for the scene . The contactors for these circuits 
then close, and are latched in that position. The pilot switches on the stage 
pilot board are then free so that a pre-selection can be made during the show- 
ing of the first scene for the lighti^ to be used during the second scene. 

The switchboard equipment consists essentially of the foUow- 
ii^ three parts: 

1. Pilot board. 

2. Contactor board. 

3. Magazine panel. 

The pilot board incorporates the dimmer bank, the dimmer 
operating mechanism and all switching apparatus for pHrodudng 
the lighting effects. 

The dimmer bank is mounted in a heavy angle iron frame. Ead) dimmer 
or set of dimmers for one circuit, depending on the wattage, is provided 
with a handle for individual operation. The dimmer bank is usually divided 
into two principal parts — house and stage. Three or four color groups are 
usually furnished and the dimmers and switches pertaining to one color are 
mounted in a horizontal row, while the dimmers and switches pertaining to 
the same circuit are mounted in a vertical sequence, so that for any circuit 
all its color controls are in a vertical row with the white control at the top, 
amber next, then red and blue. 

The electrical control scheme is arranged along the same lines as the dim- 
mer control, that is, there is an individual pilot switch for each circuit, a 
color master switch located at the end of each color group and a stage main 
and house main switch in a central and convenient position. 
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■ Pio. 4,724.— R4s«r view of Westinghouse contactor board for Kditb Theatre, Boaton, Maea, 
TUe view abowa bow the magaaine panel may be mounted. 
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The various push buttons and switches for the constant circuits to 
dressing rooms, etc., are placed in convenient and suitable locations. 

The contactor board contactors are arranged so that their 
position corresponds with the position of their circuit controls 
on the pilot board, which facilitates inspection. 

The contactor board is usually placed in a separate room directly bdow 
the pilot board. 



I 


FiC. 4»72S« — Diagram of cocmectiooft of Waatinghouae two acene pre«aet awitchboard. 
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*3ScaxMafn Scene Main *! Scene Main 

Fig. 4,726. — ^Dlagr^m of conoectSoms of Westini^xjt^ multi-nre-iet theatre switchboard. 
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Where a separate magazine panel containing fuses for the individual cir< 
cuits is provided, a slate base with main fuses for each contactor may be 
mounted directly in back of the contactor board as shown in fig. 4,724. 

Where a solidly grounded neutral is i)ermissible, it is possible to simfdify 
the equipment greatly by omitting the magazine panel and mounting the 
individual circuit fuses, directly below the contactors. 


In the multi-pre-set switchboard, all the controls for a single 
circuit, which include the pilot switch, pilot lamp, pre-set 
switches, and circuit dimmers, are moimted together on a small 
section of the board. 


The number of pre-set switches is dependent upon the niunbw of scenes 
that the board can handle, that is, if the board be ten scene, there will be 
10 pre-set switches for each circuit. 

The pre-set switches are arranged in horizontal rows with five switches 
to the row . To set up a circuit , the pre-set switches for the scenes in which 
that circuit is to be used are flipp^ to the “on” position, and for the 
scenes where that circuit is not to be used they are moved to the “off” posi- 
tion. This procedure is followed for all the circuits on the board, and when 
completed the board is ready for the performance. The setting up process 
can be done best at a rehearsal, and the effects can then be given serious 
attention and changed until just the right lighting is secured. 

All the lighting for scene 1 can be fixed by setting all the scene 1 pre-set 
switdies, then scene 2 can be taken care of, and so on for the entire produc- 
tion. 

The pilot switch handles are pushed up into the set up position, closihg 
the lower switch contacts. This is the position in which they are ordiiuurily 
left, for a production, and it places the circuit under the control of the color 
master switch. 

Pulling the cc4or master switch handle up then jdaoes the color drcuits 
under the ccmtrol of the scene grand master switches. 

There is a scene grand master switch for each scene that can be set up, 
thus a ten scene pre-set board has ten scene grand master switches. Thereto 
no limitatkm to the manner in which the scene grand master switches can 
be manipulated. Any one can be thrown on at any time, and any number 
am be closed at the same time. 
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To change from one scene to another without a “blackout," close the 
scene grand master switch for the following scene before opening the one for 
the scene in prc^^ress. 

If a "blackout" be desired, open the scene grand master switch for the 
scene in progress, and then close the one for the scene wanted. A scene 
may be repeated as often and whenever desired . 

The color masters , color master dimmers , the scene grand master switches, 
and slow motion master dimmer hand wheel are all locate at the centn* oi 
the board so that the operator does iK>t have to run back and forth in 
handling the lighting. All essential controls are in easy reach from one 
position. 

The individual circuit dimmers can be interlocked with the color master 
and the color master in turn interlocked with the slow motion masto: hand 
wheel. A cross control is provided so that each color master handle can be 
interlocked in such a way as to brighten or dim the lighting of its color 
group as may be desired irrespective of the direction of motion of the other 
color dimmer?. 

A “hot-bus” connection is p>rovided for each circuit. By closing the 
upper switch contacts for a circuit, that circuit is thrown on Ae “hot-bus” 
and lighted. It remains lighted regardless of the position of the master 
controls. 

With the entire Ughting for a production set up, the opciator can devote 
his whole attention to the operation of the dimmers. There is no haste, and 
possibilities for distracting errors are very remote. Once the lighting has 
been set up, no dumges are necessary in tite setting until a change occurs in 
the program, which may be a week or longer, depending upon the program. 


TEST QUESTIONS 

1. Give a classification of switchboards. 

2. How are foundations constructed for switchboards? 

3. Explain how to erect a panel for a svntchboard, 

4. Explain how shimming is done. 

5. Describe the frame structure for switchboards. 

6. Give a list of various classes o/ a.c. switchboards, 

7. What is a direct control switchboard? 
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8. Describe a remote control switchboard. 

9. Name three forms of electrically controlled switch'- 

boards. j 

10. Give at length the various requirements for stuitch- 

boards. \ 

11. How is the choice of switching arrangement deter-' 

mined? 

12. Give the general principles of switchboard connections. 

13. Give a simple method for determining bus capacity. 

14. Define the term '"panel” as applied to switchboards, 

15. Name three classes of panels. 

16. Describe the generator panel. 

17. What apparatus is placed on the feeder panel? 

18. Describe a regulator banel. 
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CHAPTER 89 

Power Stations 


The term central or power station is usually applied to any 
building containing an installation of machinery for the con- 
version of energy from one form into another form. There are 
three general classes of power station: 

1. Central stations. 

2. Sub-stations.* 

3. Isolated plants. 

Power stations may be classified 

1. With respect to their function, as 

a. Generating stations. 

b. Distributing stations, 

c. Converting stations. 

2. With respect to the kind of power used in generating the 
electric current, as 

a. Steam electric. 

h. Hydro-diectric. 

c. Gas electric, etc. 


•NOTK — Sub-»t»tktpu and Itolatwt ptanta are preaentacl in Mparate ctaapten. 
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3. With respect to the distribution of power, as 

a. Generation and distribution voltages the same. 

b. Generation voltage lower than distribution voltage. 

c. Distribution at several voltages, one of which is the same asldte gen- 

eration voltage. \ 

4. With respect to the kind of current supplied, as 
a. Direct. 



Fig. 4,728. — Elevation of small station with direct drive, showing arrangenaent of the boiler 
and engine, piping, etc. 


b. Alternating. 

c. Direct and alternating. 

Central Stations. — It must be evident that the general type 
of central station to be adapted to a given case, that is to say, 
the general character of the machinery to be installed depends 
upon the kind of natural energy available for conversion into 
electrical energy, and the character of the electrical energy 
required by the consumers. 

The general tendency is toward larger stations, and tiie 
interlocking of the systems located in different localities. 

The reasons for this is because the investment cost per kw. generated 
decreases as the size of the station increases, also by taking advantage of the 
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interconnection of stations the most efficient means of generation of power 
may be employed as, by steam, water or gas engine power. 

Locfttion of Central Stations. — Usually central stations 
should be so located that the average loss of voltage in over- 



Fig. 4,729.^ — ^Floor plan of station having belted drive with countershaft A, engine and dynamo 
iim; B. boiler room; C. office; D, store room; E, chimney connected with the boilers by fine 
W; S.S, boilers; V.V, steam pipes; M.M, engine; O. countershaft; T.T.T.T. generators; 
H, switch board. A pulley may be mounted on the countershaft O, with a friction clutch. 
A jaw clutch may also be provided at Z. thus permitting the shaft O. to be divided into 
two sections. It is therefore possible by this arrangement to cause either of the engines to 
drive any one of the generators, or all of them, or both of the engines to drive all of the 
generators simultaneously. 

Fig . 4,730 . — Plan of electrical station with belt drive without counter shaft . The installation 
here represented consists of two boilers, S,S, and three sets of engines and generators* 
T, M. etc. Sufficient allowance has been made in the plans, however, (or future increase 
of business, as additional space has been provided for an extra engine and generator set» as 
indicated by the dotted lines. Other reference letters are the same as in fig. 4,729. 


coming the resistance of the lines is a minimum, and this point 
is located at the center of gravity of the system . In fig . 4,^1 is 
shown a graphical method of locating this important spot. 

Suppose a roUfcXi canvass of prospective consumers in a district to be 
supplied with electric light or power shows the principal loads to be located 
at A, B, C, D, E, etc., and for simplicity assume that these loads will be 
approximately equal, so that each may be denoted by 1 for example: 
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The relative locations of A.B.C.D.E, etc., should be drawn to scale (say 
1 inch to the 1,000 feet) after w'hich the problem resolves itself into find- 
ing the location of the station with respect to this scale. i 

The solution consists in first finding the center of gravity of aiw two of 
the loads, such as those at A and B. Since each of these is 1, they will to- 
gether have the same effect on the system as the resultant load of l and 1, 
or 2, located at their center of gravity, this point being so chosen ^t the 



Pics. 4,731 and 4,732 — Graphical method of determining the eettltr of grmity of a syatem 
in locating the central station. 

product of the loads by their respective distances from this point will in 
both cases be equal. 

The loads being equal in this case the distances must be equal in ordar 
that the products be the same, so that the center of gravity of A-f B is at 
G, which point is midway between A and B. 

Considering, next, the resultant load of 2 at G, and the load of 1 at C« 
the resultant load at the center of gravity of these will be 3, and this mtttt be 
situated at a distance of ♦wo units from C, and one unit from G, so that tite 
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distance 2 times the load 1 at C» equals the distance 1 times the load 2 at G. 
Having thus located the load 3 at H, the same method is followed in finding 
the load 4 at I . Then in like manner the resultant load 4 and the load 1 at 
E, gives a load 5 at S. 

The point S being the last to be determined, represents, therefore, the 
position of the center of gravity of the entire system, and consequently the 
proper position of the plant in order co give the minimum loss of voltage on 
the lines. 



Fig. 4,733. — Station location. The figure shows two distribution centers as a town A, and 
suburb B, supplied with electricity from one station. For minimum cost of copper the loca* 
tion of the station would be at G , the center of gravity . However, it is very rarely that this is 
the best location . For instance at C , land is cheaper than at G , and there is room for future 
extension to the station, as shown by the dotted lines, whereas at G, only enough land is 
available for present requirements. Moreover C, is near the railroad where coal may be 
obtained without the expense of cartage, and being located at the river, the plant may be run 
condensing thus effecting considerable economy. The conditions may sometimes be such 
that any one of the advantages to be secured by locating the station at C, may more than 
oHset the additional cost of copper. 


TTie center of gravity as obtained in fig. 4,731 is very rarely 
the best location because other conditions, such as the price of 
land, difficulty of obtaining water, facilities for delivery of coal 
and removal of ashes, etc., may more than offset the minimum 
line losses and copper cost due to locating the station at the 
GKtiter of gravity of the system. 
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The more practical experience the designer has had, and the 
more common sense he possesses, the better is he equipped 
to handle the problem, as the solution is generally su(^ that it 
cannot be worked out by any rule of thumb method. 

The cost for the station site may be so high as to n^essitate 
building or renting room at a considerable distance from the 
district to be supplied. 

If the price of land selected for the station be high, the runhing ex- 
penses will be similarly affected, inasmuch as more interest must then be 
paid on the capital invested. 

The price or rent of real estate might also in certain instances alter the 
propos^ interior arrangement of the station, particularly so in the case of 
a company with small capital operating in a city where high prices prevail. 
In general, however, it may be stated that whatever effect the price of real 
estate would have upon the arrangement, operation and location of a cen- 
tral station it can quite readily and accurately be determined in advance. 


With respect to the cost of land, room for future extension of 
the plant should be considered- 

Although such additional space need not be purchased at the time of the 
original installation it is well, if possible, to make provision whereby it can 
be obtained at a reasonable figure when desired. The preliminary canvass 
of consumers will aid in deciding the amount of space advisable to allow 
for future extensions; as a rule, however, it is wise to count on the plant 
enlarging to not less than twice its original size, as often the dimensions 
have to be increased four and even six times those found sufficient at the 
harming. 

Another item to be considered in the location of a plant is its 
environments, as it may be regarded as a nuisance by those 
residing in the vicinity, occasioning many complaints and liti- 
gation. 

Thus, if the plant be placed in a residential section of the community 
the smoke, noise and vibration of the machines may become a nuisance to 
the surrounding inhabitants, and eventually end in suits for damage against 
the company responnble for the same. For these and the other reasons just 
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givra a company is sometimes forced to disregard entirely the location of a 
central station n«ir the center of gravity of the system, and build at a con« 
stderable distance; such a proceeding would, if the distance be great, neces- 
sitate the installation of a high voltage system. 

There might, however, be certain local laws in force restricting the use 
of high pressure currents on account of the danger resulting to life, that 
would prevent this solution of the problem. In such cases there could 
undoubtedly be found some site where the objections previously noted would 
be tolerated: thus, there would naturally be little objection to locating next 
to a stable or a factory of any description. 

The matter of water supply is important because in a steam 
driven plant, water is used in the boilers for the production of 



Fiq. 4«734«— Eiample of central station located remote fitxm the diatributing center and fcoy 
nisbing alternating current at high premre to a substation where the current ia passed 
through step down transformers and supplied at moderate pressure to the distribution system. 
In some cases the substation contains also converters supplying direct current for battery^ 
charging, electro-plating, etc. 

steam by boiling, and if the engines be of the condensing type it 
is also lised in the condenser for creating a vacuum into whid) 
the exhaust steam passes so as to increase the efficiency of the 
engine above what it would be if the exhaust steam were 
obliged to discharge into the comparatively high pressure of 
the atmosphere. 

The force of this will be apparent by considering that the water con 
sumption of the engine ordinarily is from 10 to 25 lbs. of “feed water” pet 
horse power per hour, and the amount of “circulating water” required to 
maintain the vacuum is about 25 to 30 times the feed water, and in the case 
of turbines with their 28 or 29 inch vacuum, mudi m(n«. For instance, a 
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1,000 horse power plant running on 15 lbs, of feed water and 30 to 1 circu- 
lating water would require (1,000X15) X (30+1) =465,000 lbs. or 55,822 
gals, per hour at full capacity. 

The quality and possibility of a scarcity of water sumly also 
is important. T 

It is quite necessary that the water us«i in the boilers should as free 
as possible from impurities, so as to prevent the deposition within them of 
any scale or sediment. The quality of the water used for condensing pur- 
poses, however, is not quite so important, although the purer it is thebettw. 



Fig. 4,735. — ^View illustrating the location of a station as governed by the presence of a water 
fall . In such cas^s the rsturai water power may be at a considerable distance from the center 
of gravity of the distribution system because of the saving in generation In the case of long 
distance transmission very high pressure may be used and a transformer step down eob* 
station be located at or near the center of gravity of the system thus considerably reducing 
the cost of copper for the transmission line 


If the plant is to be located in a city, the mattw of water supply need not 
generally be considered, because, as a nile, it can be obtained from the 
waterworks; there will then, of course, be a water tax to consuler and this, 
if large, may warrant an effort being made to obtain the water in some othei 
way. In any event, however, the possibility of a scarcity in the suppli 
shmild be reduced to a minimum . 

If the plant be located in the country, some natural source of water wmild 
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be utilized unless the place be supplied with waterworks, which is not gen- 
erally the case. It is usual, however, to find a stream, lake or pond in the 
vidnity, but if none such be conveniently near, an artesian or otiher form of 
well must be sunk. 

If abimdance of water exist in the vicinity of the proposed installation, 
not only would the location of the plant be governed thereby, but the kind 
of power to be used for its operation would depend upon this. Thus, if the 
quantity of the water were sufficient throughout the entire year to suji^ly 
tile necessary power, water wheels might be installed and used in 
plac» of boilers and steam engines for driving the generators. The station 



Fig. 4,736. — View of a station admirably located with respect to transportation of the coa> 
aupidy At thown, the coal may be obtained either by boat or rail and with modern 
machinery for conveying the coal to the interior of the station the transportation cost is 
tedooed to a minimum 

would then, of course, be situated close to the waterfall, regardless of the 
■ center of gravity of the system. 

Witn respect to the coal supply, the selection of a site for a 
power station should be such as will be convenient for trans- 
porting the coal from the supply point to the boiler room. 

In this connection, an admirable location, other conditions permitting, 
is adjacent to a railway line or wato' front so that coal delivered by car or 
bmt may be unloaded directly into the bins su];^lying the boilers. 
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If the coal be brought by train, a side or branch track will usually be 
found convenient, and this will usually render any carting of the fuel 
entirely unnecessary. i 

In whatever way the coal is to be supplied, the liability of a shortage due 
to traffic or navigation being closed at any time of the year should be wdll 
looked into, as should also the facility for the removal of ash^, befcwx 
deciding upon the final location for the plant. i 

Ch<Mce of System. — The chief considerations in the design of 
a central station are economy and capacity. When the current 
has to be transmitted long distances for either lighting or power 
purposes, economy is attainable only by reducing the weight of 
the copper conductors. This can be accomplished only by the 
use of the high voltage currents obtainable from alternators. 

Again, where the consumers are located within a radius of 
two miles from the central station, thereby requiring a trans- 
mission voltage of 550 volts or less, dynamos may be employed 
with greater economy. 

Alternating current possesses serious disadvantages for cer- 
tain important applications. 

For instance, in operating electric railways and for lighting it is often 
necessary to transmit direct current at 500 volts a distance of five or ten 
miles. In suchcases, the excessive drop cannot be economically reduced by 
increasing the sizes of the line wire, while a sufficient increase of the voltage 
would cause serious variations under changes of load . Hence, it is common 
practice to employ some form of auxiliary generator or booster, which when 
connected in series with the feeder, automatically maintains the required 
pressme in the most remote districts so long as the main generators continue 
to furnish the normal or working voltage. 

The advantage of a direct current installation in such cases over a similar 
phmt supplying alternating current line is the fact that a storage latter;' 
may be used in connection with the former for taking up the fluctuatio»« of 
the current, thereby permitting the dynamo to run with a less variable load, 
and consequently at higher efficiency . 

Direct current is required for certain kinds of electrolytic work, sudh as 
dectro-plating, the electrical separation of metals, etc., also the charging of 
storage batteries for electric automotales . 



Power Stations 


2,737 


Sometinies the central station must be equipped with suitable apparatus 
for supplying both direct and alternating current. 

Thus, it is evident that the character of a central station will be governed 
to a great extent by the class of services to be supplied. 

An exception to this is where the entire output has to be transmitted a 
long distance to the point of utilization. 

In such cases a ropper eronomy demands the use of high tension alternat- 
ing current, and its distribution to consumers may be made directly by 
means of step down transformers moimted near by or within the consumers' 
premises, or it may be transfomried into low voltage alternating currant by 
a conveniently located sub-station. 



Fig. 4,737. — Diagram illustrating diversity factor. By definition diversity factor ••comlnnad 
actual maximum demand of a group of customers divided by the sum oj their individual maxi* 
mum demands. Example, a customer has fifty (50) watt lamps and, of course, the sum of 
the individual maximum demands of the lamps is 2. b kw. watts ('^connected load’*). The 
customer’s maximum demand, however, is 1.5 Hence, the diversity factor of the cus* 
tomer’s group of lamps is 1 .5 -^2,3 « .6, In the diagram the ordinates of the curves show the 
ratio maximum demand to connected load for various kinds of electric lighting service. 

Where the ourent is to be used chiefly for lighting and there are only a 
few or no motors to be supplied, the choice between direct current and 
alternating current will depend greatly upon the size of the installation, 
diiect current being preferable for small installations and alternating cur- 
rent for large installations. 

If the current is to be used primarily for operating machinery, such as 
elevators, traveling cranes, machine tools and other devices of a similar 
character, which have to be operated intermittently and at varying spe^ 
and loads, direct current is the more suitable; but if the motors performi^ 
such work can be opmited continuously for many hours at a time under 
pracrically constant loads, as, for instance in the general work of a pumping 
station, alternating current may be employed with advantage. 

— The tibtiraltg taetot ot a customer’a groap of lamps, namely, the ratio of maii. 
mm demaod to ooonected load la usually called the dmwmf /eder of the cnetomer. 
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Size of Plant. — Before any definite calculation can be made, 
or plans drawn, the engineer must determine the probable load. 
This is usually ascertained in terms of the number and distances 
of lamps that will be required, by making a thorough Canvass 
of the city or town, or that portion for which electrical! energy 
is to be supplied . The probable load that the station is to carry 
when it begins operation, the nature of this load, and the prob- 



able rate of increase are matters upon which the design and 
ccmstruction chiefly depend. 

The load carried by a central station fluctuates with the time 
of day and also with the time of year. 

A fluctuating load is best represented graphically, that is to 
say by means of a curve plotted on coordinate paper of which 
ordinates represent load values and the COTresponding abscissae 
time values, as in the accompanying cxirves. 

Where electricity is supplied for power purposes to a number 




Power Stations 


2,739 


of factories, the load is fairly steady, dropping, of course, during 
meal hours. In the case of traction, the average value of the 
load is fairly steady but there are momentarily violent fiuctua* 
ticMis due to startii^ cars or trains. 

The peak load is the maximum load which has to be carried by 
the station at any time of day or night as shown by the highest 
point of the load curve. 

The machinery of the station evidently must be large enough 
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Fio. 4,739. — ^Load curve for one year. 
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to carry the peak load, and therefore considerably in excess of 
that required for the average demand. The ratio of the average 
to the maximum load is called the load factor. 

There are two kinds of load factor: the annual, and the daily. 

The annual load factor is obtained as a paxentage by multiplsring the 
number of units sold (per year) by 100, and dividing by the product <rf 
the maximum load and the number of hours in the year. The daily load 
ftictor is obtained by ♦aking the figures for 24 liours instead of a year. 
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In addition to the machinery required to supply the peak 
load, there must be provided additional units for use in case of 
Impairs or break down of some of the other units. \ 

*Steaiii Power Stations. — ^Boiler pressures for years ha^ been 
increasing and as practiced today about 550 lbs. steam pri^ure, 
730° steam temperature and 28.7 ins. vacuum are conservative 
upper limits for steam conditions in stations, yet semi-experi« 
mental plants are being constructed that exceed these limits. 



Fig. 4,740. — ^Load curve of plant supplying power for the operation of motors in a numu* 
facturing district. The horizontal dotted lines show suitable power ratings. A properly 
designed steam plant has a large overload capacity, a hydraulic plant has a small overload 
capacity, and a gasoline engine plant has no overload capacity . Accordingly, the peak of the 
load (maximum load) may be 25 or 30 per cent in excess of the rated capacity of a ateani 
plant, not more than 5 or 10 per cent in excess of the rated capacity of a hydraulic plant, 
not at all in excess of the rated capacity of a gas engine plant. 


In these stations there are differences in the installations and methods 
used in an attempt to secure greater economy. One type utilizes steam 
pressure of 1,200 lbs. at a temperature of 750® in the boiler. This steam 
operates a turbine at the same pressure, and then is exhausted, while still 
dry, at a pressure of about 400 lbs. into a separately fired or live steam re- 
heater whoe the temperature is rai^ until superheat <»dsts. The steam 
then operates another turbine cylinder and exhausts to the condensar, or, in 


^OTE. — onplncc# iurbinet and steam mtixUiarUm have been deectibed and 
their working princtpleB explatoed at great length in the author*a Xn 0 ijuw$ md 
iShMm to which the readier It referred. 
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some desi^, two cylinders may be used in the last part of the cycle, one 
qp^tmg betwem 400 lbs. and zero pressure and the exhaust from 
tto after rmeating operas another cylinder undo: vacuum conditions. 
Ttos type of operation utilizes the regenerative cycle and a large part of the 
timrefrcal gam in efficiency is obtained indirectly through the use of the 
rdjeating operation. 
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Vic. 4,741.— Heat ■tieamio an efficient atadon. Overall ther m al e ffi c i enc y ■■25%. 

per Jtw. boor baaed on 14,000 it.r.u. coat >0.975 lb. 8J.u, per fap. bo(ir>^^^^> 

13.680. All vaergy percentagea refer to the energy in the fud. — W. J. WMenbtrf, Ymh 
UnimtHy. 

Aiiother type of station has been suggested which will utilize 
the san^ init^ pressure and temperature and the high and low 
pressure turbine cylinders but not the principle of reheating. 

The mdsture in the steam after exhaust from the hig^ pressure turl^ is 
to be removed by mechanical means and the steam then used in the lovr 
pressure cylinder. 
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FIg. 4 J42.— -LasKwt of asmi balance a r raageg a e ota In HeUft^ Statioo of the U* S, Electric L^t and Bower Go. 
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In the majority of large stations recently erected it is cus- 
tomary to use electric drive for major auxiliaries and to practice 
multi-stage bleeding of the main turbine units for heating the 
feed water. 


If the steam be bled from the proper turbine stages, pressures and tem- 
peratures can be adjusted so that the feed water can be heated in successive 
stages to a degree almost equal to that of the boiler water temperature and 
a very efficient thermal system exists; the practical disadvantages of the 
bleeding system, however, as yet limit its application to two, three and four 
stage bleeding. 

HEATER CONDENSER 

EXHAUST FROM / / ^ 

STEAM AUXILIARIES riV^/ I' 


\ M D 

TWIN STIRLING BOILER 



Electric Drive for Steam Power Plant Auxiliaries. — ^Practi- 
cally all of the steam power plants now being designed or built, 
which fall in the central station class, are using steam bled 
from the main units for feed water heating and thereby obtain a 
higher plant efficiency than is possible by using the older scheme 
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with steam driven auxiliaries and utilizing the exhaust steam 
from these for heating the feed water. i 

This change in the heat cycle of the plants, together with the fact that 
extremely high steam pressure and t^peratures are being used, ms made 
the use of electric drive for auxiliary apparatus more attractive\than the 
use of small high pressure steam turbines or reciprocating engines. 

The reliability of an induction motor is considered higher thaii that of 
such steam equipment, and the maintenance of the steam turbine and high 
pressure steam piping is high as compared with electric drive. It is of course 
necessary to supply an unfailing source of electric power. 
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Fig. 4,744. — System of auxiUsuries in the Redmond station of the Philadelphia Electric Co* 


Some stations are provided with steam turbines for emergency 
operation of the most important auxiliaries or duplex units with 
a motor and turbine both connected to the same auxiliary unit. 
These are used principally on boiler feed and condenser pumps. 

Most central stations produce ox. power and this is bdng quite genera&y 
used for driving the auxiliaries. A.c. motors are simple and depeodaUe 
and adjustable speed is obtained by using a wound rotor and pole diangiqg 
induction motor, or brush shifting a.c. commutator motcas, whidi ire 
now available in both ^unt and series types. 
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Where wide speed ranges are required, d.c. motors are sometimes neces- 
sary or desirable, and are often used for operating stokers and fans, lliese 
auxiliaries may require rather accurate sp^ adjustment over a wide range. 
This is particularly true where powdered coal or oil is used for fuel, as just 
the right amount of air must be supplied at all times to bum toe fuel 
properly. 

Electric drive is particularly well adapted to remote or automatic control, 
and many central station designers are taking advantage of these features 
for toe auxiliaries. 


Group control or centralized control of boiler room auxiliaries 
is quite common practice. 

It is of primary importance to have motors and control such that in case 
of momentary voltage failure the auxiliaries will automatically restart. 
This is accomplished by the use of squirrel cage motors design^ for full 
voltage starting, and by modifications in control of slip ring and commutator 
type motors which insure sufficient starting torque from the motors to 
start the auxiliaries. 

The switching equipment required for auxiliary power circuits 
is becoming an important item in the modem central station due 
to the increasing amounts of power to be handled at 2,300 volts. 

It is not unusual to find that switches with upward of 100,000 kea. rup- 
turing capacity are required for 2,300 volt auxiliary feeder switches in the 
larger generating stations. 

General Arrangement of Steam Electric Stations. — This 
^uld follow certain rules, whenever space is available. The 
first consideration is the relative arrangement of the boiler and 
turbine rooms. The preferable arrangement is to have one row 
of boilers parallel with the line of turbines, as shown in fig. 4,746, 
with large boilers set singly; but as the size of the turbine unit 
increases beyond 2,000 kw. the length of the boiler room usually 
exceeds the length of the turbine room, whence it is necessary to 
set the boilers in batteries. 
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For turbines of 7,000 or 8,000 kw. capacity, the double row of boilen 
with central firing aisle, as illustrated in fig. 4,747, would be the next choice. 

For stations of 15,000 and 20,000 kw. units, the boiler rooms are generally 
turned at right angles to the turbine room, as shown in fig. 4,748. 

These arrangements follow the unit plan which is now universally recom- 
mended and which greatly simplifies the piping. 
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Kio. 4,746. — ^Station arrangement for turbine units up to about 2,000 kw, capacity. 


Past practice provided for greater boiler reserve; but the care 
luid attention given to proper boiler maintenance and operaticm 
that a complete complement of spare boilers suitable for the 
Q>are turbines provides perfect security. 

The general arrangement of the auxiliaries are shown in the 
illustrations. 

Steam driven auxiliaries are ^own, but as pointed out in the 
preceding section, electric drive is the prevailing practice. 
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c. 4,748.-- Arransemeiit commonly adopted for 15,000 and 
20,000 Atr.turbinea* 
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Station Construction. — ^The construction or rearrangraient 
of the building intended for the plant is a problem that under 
ordinary conditions would be solved by an architect, or at least 
by an architect with the assistance of an electrical or mechanical 
engineer, still there are many installations where the electrical 
engineer has been compelled to design the building. 

In such instances he should be equipped with a general knowl- 
edge of the construction of buildings. It is not the purpose of 


theauthor to go into this phase of the subject.* figs. 4.749 to 4,751.— 

Pumping head for con- 

■CONOWMR conoemseo .Atten- 

T Z fy* * S. V — 1 should be ^ven to 

] I coNOENscft pG r the amount of power 

{ \ A ^ I consumed in driving the 

I ^PUMp j ^ ‘ condenser auxiliaries, 

r ^ circulating 

ijL O PUMP 1 1 » the greatest 

T I r->^ K Q I consumer, the pumping 

S i aoop I head as well as the vol* 

11 ft I ume of water should be 

I I ^ 0 n i - considered. Pig. 4,749 

j I I shows the usual ar- 

j. ^ -vL w ° 

1 ^ J|, Ji c 

^ ^ Sion C, should not ex- 

ceed 20 feet which U 
about the limiting value 

of lifting power of the pump. The static pumping head C-fD is affected by the siphon action 
due to the discharge, provided B, do not exceed 25 feet, as it is not safe to figure on a 
sii^n of over 25 teet. If B, do not exceed 25 feet, then the pumping head equals A'f 
condenser friction 4- pipe friction. Fig. 4,750 shows the usual arrangement of circulatism 
pump for a low jet condenser. As stated, dimension C, should not exceed 20 feet, as some 
margin should be retained between the vacuum in the condenser and the static lift and 
iHpe friction. As the distance C, is reduced, the pipe friction must be increased by throttliiig 
by a valve in this pipe line, so as to limit the amount of water which the removal pomp 
handles. The removal pump has to pump practically against full vacuum, which, for M 
inches would be 32 feet. This results in a. pumping head of 32 feet 4- pipe friction — B. If 
dimension C, must exceed 20 feet, then a pump would have to be installed in the intake line, 
which would not be very desirable from an or^drating standpoint. Such a condition could 
be readily met by resorting to the barometric condenser shown in Fig. 4,751 where the pump 
ing head will be C-f D4‘pipe friction 4 condenser friction. While the jet or the barometric 
condensers U8U’*lly require less water, because of the smaller terminal difference between 
the outgoing water and the vacuum , they frequently involve an increase in the pumping head • 


Hydro-Electric Central Stations. — ^Hie economy with which 
electricity can be transmitted long distances by high tensioii 

^OT£.^-4P*or the construction of buiidings. see the author's Bufkiers’ Ouidm^ 
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alternating currents, has led to the development of a large num- 
ber of water powers in more or less remote regions. / 



PxG. 4,752. — Section of typical hydroelectric station showing the conventkaial arrangemefit 
of the apparatus in a typical small hydroelectric generating station. It also shows how 
simple and inexpensive a type of construction can be employed in the forebay, tailrace, 
etc., and in the building which houses the electrical apparatus. Simple construction is worthy 
of emphasis because it is often a deciding economic factor in the projected development of 
water power sites. The same arrangement of apparatus and building, layout apidies to 
bot^ automatically and manually controlled stations. 


This economy is possible by the facility with which alternating current 
can be transformed up and down. Thus at the hydro-electric {dant, the 
current generated by the water wheel driven alternator is transformed to 
very high pressure and transmitted with economy a long distance to the 
distributing point where it is transformed down to the proper pressure for 
distribution. 
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The proper selection of a hydro-electric power house is governed by so 
many local considerations that a thorough study of the situation is essentia] 
in each individual case. The greater part of the cost of power production 
in hydraulic power houses is the fixed charges, and the initial cost of footings 
and foundations represents a considerable share of the total first cost. 


The principal conditions determining the selection of a site are: 

1. Bearing load of soil. 

2. Suitable disposition of tail wato:. 



Pl<3. 4,753.*-**Watier dischari^g from a needle nozzle due to a pmmue of 169 lbs. per sq. la. 



Fic. 4,7S4»-**-Ptiotogniph of a tangential water wheel equipped with Pdton budceta in operatldo. 


NOTE.-^riM rapidly ineraoMing price of cool ia compelling the development Of the 
amaller and more inaccemible auppliee of water power and aleo the supplanting of old 
units by modem and more efficient machines. Modem electric equipment has made poo* 
aihle the devihiopment of much water power that would otherwise go to waste, for the power 
can be developed at the dam in some remote spot and oomuned where most oonvenient. 




floor bushings 


2,752 


Power Stations 



Fta». 4,7K and 4,7S6.-«ydn>^ecttic pow ^tion. 
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3. Proximity to dam or head gates. 

4. Possible arrangement and direction of penstocks. 

5. Type of water wheel. 

A water wheel or turbine is a machine in which a rotary motion is ob- 
tained by transference of the momentum of water; broadly speaking, the 
fluid is guided by fixed blades, attached to a casing, and impinging on 
otho* blades mounted on a drum or shaft, causing the latter to revolve. 


The choice of a suitable water wheel lies between the impulse 
wheel, which is best suited for high heads, and the turbine wheel. 

The water turbine may be of vertical or horizontal design. The horizontal 
turbine may be provided with a casing and located in the generating room, 
or it may be of the submerged type and located in a basin contiguous to 
the generating room, with the shaft extending through the dividing wall to 
the alternator. , 

The submerged tvirbine is used only on very low heads, but in some cases 
it lends itself to a very economical and advantageous design of station. 

The vertical turbine is particularly well adapted for large units. It takes 
considerably less floor space and, consequently, smaller foundation than 
the horizontal type. The vertical turbine necessitates the use of a step 
bearing; recent designs of such bearings for this purpose have proved quite 
satisfactory. 

General Arrangement of Hydro-Electric Station. — Invariably 
the turbines, alternators, exciters and controlling switchboard 
are housed in one large room. The prime movers should be 


NOTE . — Tfw more aceeeeibie large euppliee of water power have been largely devei* 
oped, but there remains a vast quantity of easily available water power suitable for dhvini 
ii^l and medium siaed alternators. In addition to these undeveloped sites, there are many 
old plants consisting of horiaontal shaft alternators driven by long shafts geared or bdted 
to water wheels. These shafts have been sprung out of line, the gears have become worn and 
brolcen, the efficiency of the water wheels, originally poor, has become worse through 
and corrosion until, at present, some of these old installations can convert into electrical 
energy only half the available energy of the water. The gears and belts not only occupy nm c h 
valuable space but they waste energy, are noisy, and a ooiwtant source of annoyanoe and 
expense. 
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arranged in a single row to simplify the penstock and tail race 
design, and the exciters (if not directly connected to the main 
units) and other auxiliary equipment common to the lstation 
should preferably be located in the center. This arrangement 
is shown in figs. 4,755 and 4,756. ’ 



Calculation of Water 
Power. — ^The head it 
found by direct meas- 
urement and the flow 
can be best determined 
by one of two gener- 
ally used methods. 
The simplest of these 
is to utilize a weir to 
measure and compute 
the fiow; but many 
streams are so large 
that the use of a weir 
would be impractic- 
able. 

It then becomes 
necessary to find the 
cross secticHi of the 
stream by measure- 
ment and to ascertain 
the average velocity 
by a number of testa 
at various points* 


Pm. 4,797.— Sectional devatioo of one of the 5,000 hone power vertical Fetton^'MiNf* 
turtrinea dincUy connected to teneratar, at installed for the Schenectady Power Oo. 
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Weir Method. 

A weir is a sharp crested dam placed so that all the water wiU 
flow over it without restriction. 

It is known that for any given depth of water over the crest of the weir a 
definite quantity will flow per minute. The factors for this flow have been 
determined and tabulated. The accompanying table gives these figures in 
condensed form, which are accurate enough for any preliminary calcula- 
tions. A weir should be constructed as shown in fig. 4,758. 



Fio. i,768. — Weir for measuring the water flow. Place a board across the stream at scene point 
which will allow a pond to form above. The board should have a notch cut in it with both 
edges and the bottom sharply beveled toward the intake, as shown. The bottom of the 
notch, which is called the ciesl of the weir, should be perfectly level and the sides vertical. 
In the pond back of the weir, at a distance not less than the length of the notch, drive a 
•take near the bank, with its top precisely level with the crest. By means of a rule, or a 
graduated stake, as shown, measure the depth of water over the top of the stake, making 
allowanoe for capillary attraction of the water against the sides of the rule. For extreme 
accuracy, this depth may be measured to thousandths of a foot by means of a **hook gauge’ 
familiar to ail engineers. 

Having ascertained the depth of water as in fig. 4,758, refer to the acoom- 
panying table from which can be calculated the amount of water flowing 
over the weir. There are certain proportions which must be observed in the 
dimensions of this notch. Its length or width should be between four end 
eight times the depth of water flowing over the crest of the weir. 




Weir Table 

Discharge in Cn. Ft. per Minute per Foot Length of Weir 
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Discharge 
in Ctt. Ft. 

266 

270 
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shown in fig. 4,759. To obtain the flow it is necessary only to 
find the average velocity of the water. This is done by measur- 
ing the velocity either with a current meter or with weighted 
floats at a number of points, as indicated by crosses, and averag- 
ing the results by adding all the velocity measurements together 
and dividing by the number of measurements. Then, the aver- 
age velocity multiplied by the sectional area gives the flow of 
the stream. 



Fio, 4, Method of measuring large flows* 


Useful Formulae 

The horse power of a turbine is dependent on quantity of 
water, head and efiRciency. 

^ ^ 62.4XHXQXE 

— m — 

in which 

62.4 ■■ weight of 1 cu. ft. of water 

H -head in feet 
Q-flow in cu. ft. per sec. 

E -percentage dhdency 

(assuming that £ —80 per cent for full devdopment) 

s* QXHXE _ QXH 
^'P' DO 11 



AOJUSTINO SCREW 
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Fig* 4»7€Q.--Sectioo throui^ water reaction turbine with names of parts, 
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the selection of an alternator is found by the formula 
. H.P.X.746XEX.95 

KV€i ' '■ ■ 

P.F. 

*n which P.F. = power factor, usually .8 
E — alternator efficiency 
.746=con8tant for relation of h.p. to ku'. 

.95 = per cent of power at best operating point of turbine. 
Approximate diameter of turbine nmner: 

T. 1841.6X^XH 

° — rj : m: ~ 


1 r 
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FiC. 4,761.— Single bus, single circuit breaker system 


where D= diameter of runner in inches 
»=head in feet 

R.P.M. “revolutions per minute 

.8 for low head, .7 for medium head, and 
.6 for high head. 


Bus and Circuit Systems in Central Stations. — In this section 
will be considered some of the connection schemes in general use. 

Fig. 4,761 shows the simplest eirrangement, known as the 
single bus system. 

Its use is confined to small unimportant stations where sim- 
plicity and economy are of primary importance and where pos- 
sible service interruptions can be tolerated. For switching 
under normal conditions and for protection of apparatus in 
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case of failure, this simple arrangement will meet every re- 
quirement. However, there is no flexibility and a failure of 
any alternator circuit requires the withdrawal of the [corre- 
sponding machine and breaker in service, similarly wi^ any 
of the feeder circuits. \ 

In case of insulation failure of a bus bar support, a com- 
plete shut down will result until the defect has been remedied 
by a rearrangement of the alternator and feeder circuit so 
that the feeders are taken off in between the alternators. 

By use of sectionalizing disconnecting switches in the bus 
bars, a prolonged or complete shut down of the station may 
be partly guarded against. 






CURRENT TRANS 

7 ? 


1 I i 




— BUS B 
DIS.5W. 

otL cm. 

BR. 


Fic. 4,762. — Double bus, single circuit breaker system. This arrangement greatly increases 
the chances for continuity of service over that shown in iig, 4 761. One bus bar may be 
used as an auxiliary only, or one may feed a lighting load while the other feeds a power load. 


In the case of an insulation failure of a bus support, the total bus would 
be cleared of power by the operation of the oil breakers, either automatically 
or manually, and the defective section of the bus isolated by means of 
sectionalizing switches. The remainder of the station would then be put 
back into service. 

Fig. 4,762 known as the double bus, single breaker system is 
the next step in flexibility at minimum cost. 

Such an arrangement will poetically eliminate the possibility of a pro* 
longed shu| down, sxteh as misht resiUt in case of a bus failure. It also 
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pennits maintaining service when workii^ on either bus, such as cleaning 
the insulators, etc. It does not, however, eliminate the necessity of with- 
drawing apparatus from service in case of trouble on the corresponding 
circuit breaker. 

The principal advantage over the previous single bus arrangement is the 
fact that when feeders trip out, it is possible to first test them out on the 
spare bus before again placing them in normal service on the main bus. 
Quite often a tie bus breaker shown in dotted connection, fig. 4,763, is pro- 
vided to facilitate this matter of line testing or quick transferring of power 



from one bus to the other. With the tie bus breaker closed, thereby ener- 
gizing both sets of bus bars, the transfer of a circuit carrying power from 
one bus to the other can be carried out without danger of interruption to 
service by means of the disconnecting switches. 


Fig. 4,764 shows the maximtim flexibility of the scheme 
known as the double bus, double breaker system. 

This has all the advantages of the double bus, single breaker system with 
the additional assurance against a shut down of any particular circuit, due 
to circuit breaker trouble. This arrangement is, of course, the most expen- 
sive which is the only criticism that could be advanced against it. For this 
reason, this arrangement is usually adopted only in large capacity stations 
where continuity of service is of prime importance and where its assurance 
will justify the expense. 

Between the double bus, double breaker system and the si^e 
bus system, there are several other combinations which diffei 
slightly frenn those described. 
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ALTERNATORS 

Fig. 4,7S4. — ^Double bus, double circuit breaker system. 


FEEDERS 



Fig. 4,765. — Ring bus system, bus sectionalised. Suitable for stations of medium sixe where 
great flexibility and maximum economy in cost are desired. This arrangement requires a 
very small amount of copper in the bus bars. 
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The prime object, of course, of these different arrangements is to give the 
degree of flexibility which the local conditions seem to warrant, and at the 
same time keep the cost down to a minimum. 

Fig. 4,765 is a modification of the double bus, single breaker 
system in that the two buses are tied together by means of bus 



tie circuit breakers and disconnecting switches so as to fram 
vdiat is called a ring bus. For example^ large generating stations 
in cities such as Philadelphia, New York, etc., use a scheme 
known as the “H” system whereby two feeder circuits are 
served frran a pair of selector switches to either of two buses. 
This typical arrang^ent is shown by figs. 4,766 and 4,767. 
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For systems distributing all or part of their power through 
step-up transformers, the question of bus bar conilection ar- 
rangements becomes somewhat more involved. 


There are many arrangements in service vanning anywhere ftbm a single 
low tension to a single high tension bus (as indicated in hg. 4,768), up to an 
elaborate arrangement using double buses, double breakers on Ixtth high 
and low tension circuits, as shown in fig. 4,769. If the station be at some 
distance from the load center, particularly hydro-electric stations, a very 
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common arrangement of buses is shown in fig. 4,770. Here the alternator 
and the respective step-up transformers are treated as a unit and all power 
is .sent out over two or more lines. 

Auxiliary power for the station is obtained from a low tension bus whidr 
may be connected to any one of the alternators . Normally, the altmiatma 
are not paralleled on the low tension bus. This arrangement while quite 
economical lacks flexibility. 



Fio. 4,770.— -CornnKm arrancement where station is at a distance from the load center. 


The alternator must be used as a unit on the corresponding transfiMnner, 
and the failure of either or of the conductors between them will result in a 
drat down of boU). Further, a failure of the hi^ tension bus will result in a 
cnnplete shut down of ^ i^lant tmtU such time as n^iairs can be made. 
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Fig. 4,771 shows a method of high tension connectipn which 
permits of certain flexibility and treats the transformed bank as 
part of the transmission line rather than as a unit with the 
alternator. \ 


In other words, the transformer capacity is chosen with resp^t to the 
transmission line capacity. This arrangement shows three high tension 

t . t _ t H.T 



Fig. 4,771. — Sy»tein in which transformers are treated as a part of the transmission line. 


breakers per group and often to reduce cost, the two oil breakers, marked 
A, and B, are replaced by three pole air brealc disconnecting switches manu- 
ally or electrically operated. If this substitution be made, then breaker C, 
op^tes both as a line breaker and as a transformer breaker. In fact, very 
often the low tension breaker D, would be used to trip out the circuit as the 
transformer would be considered as part of the line. The advantage of this 
arrangonent, of course, is that when operatii^ on the low tension side, the 
magnitude of voltage surges resulting from high tension switching is reduced 
to a minimum. 

Some of tl» disadvantages of such an arrangement are that this scheme 
does not work out well in the network system, ndther does it prove very 
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economical where generating stations supply widely separated loads. This 
is especially true where the transformers must be of different (capacity to 
meet the load requirements. I 

The particular application of such a switching arrangement spms to lie 
with a station where power is to be transmitted over a number of lines to a 
single substation. In such an event, the line and transformer ^nks are 
identical and if the line be lost, the corresponding transformer cannot be 
used. G>nsequently, in such cases, this scheme forms an effective and eco> 
nomical arrangement. 


OOTOOtNe LINES OUTGOING LiNtS 



Fig. 4,774. — Single sectionalueed bus system. This system gives great flexibility of operatkm 
with minimum cost and is suitable for medium sized plants. Dependence is placed on 
single circuit breakers. The station may be operated in separate independent halves, local 
feeders being fed from either half. 

Fig. 4,772, shows another arrangement for large steam sta- 
tions where all power is fed into a high tension net wca*k 
distributed over considerable area. 

This station is a so-called base had plant. With this arrangement, 
ahemator ami stq> up tiansfmmer is treated as a unit with no switching 
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devices between them. The high tension bus is a straight double bus, dou- 
ble breaker arrangement, affording a maximum amount of flexibility. The 
power for station auxiliary is obtained from a high tension step down 
transformer bank. 

Fig. 4,773, shows another station load plant where all oower 
in delivered to a high tension bus. 
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Fio. 4.775.->Ooul>le but, double circuit breaker eyttem. Tliit arrangement permita tl» ^ 
of tuky or all of the altenuitcirs« without reg^ard to which of the tranaformere may be 
•ntkm. It is particularly suitable where the staUoa output is taken ow but two or owat 
ucapandseion lines to the same destination. 
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In this case, the transformer banks are of exceptionally large size and the 
alternators are in two or three units, the steam end consisting of one h^h 
pressure and one or two low pressure turbines. A maximum an lOimt of 
flexibility is to be had as double buses are provided in both him and low 
tension. ' 

Figs. 4,774 to 4,777, illustrate some of the more imt>ortant 
and commonly used arrangements of main circuits by some 
of the more prominent central stations in this country. 


0UT60IN6 LIMtS 0UT60INS LINES 0UT©0IN6 LINES 



ftc. 4,776. — Single low tension, double high tension bus, single circuit breaker scheme. Low 
tension disconnecting switches permit the connection of an alternator direct to a trans* 
former (with or without connection to bus bar) connection of alternator to bus bar with 
transformer dead or connection of transformer to bus bar with alternator dead. All appa** 
fattts may be in service while the load is removed from either eectkm of either bus bar for 
repairs or additions. 
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TEST QUESTIONS 

1. What is understood by the term "power station"? 

2. Give a classification of power stations. 

3. How is the location of a central station determined? 
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Fig. 4,777. — Single high tension bus scheme. The alternator and transformer m treated at 
a unit and all low tension switching is thereby omitted. The station auxiliaries are fed 
from any alternator or transformer circuit by means of the auxiliary bus. 


4. Define the term center of gravity as applied to distri’- 

button systems. 

5. What factors enter into the source of location of a 

central station? 

6. Why is the matter of water supply important? 
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7. What are the chief considerations in the design of a 

central station? j 

8. Define the terms ^'diversity factor” and '\demand 

factor” \ 

9. Explain in detail how the size of a central station is 

determined, 

10. What is the load factor? 

11. What boiler pressure, super-heat and vacuum are 

commonly used in central stations? 

12. What kind of drive is used for the major auxiliaries? 

13. What is the comparison between electric and steam 

driven auxiliaries? 

14. Draw a sketch showing general arrangement of a 

steam electric station. 

15. Describe a hydro-electric station. 

16. Name two types of turbine used in hydro-electric 

stations. 

17. What is the difference between an impulse and a re 

action wheel? 

18. What is a weir? 

19. Explain the weir method of measuring water flow. 

20. Draw a sketch showing construction of a weir. 

21. How is the velocity of water flow measured? 

22. Give formula for horse power of water turbine. 

33. Give the various bus and circuit systems in central 
stations. 
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CHAPTER 90 

Sub- Stations 

By definition a sub-station is a building provided with ap- 
paratus for changing high pressure alternating current receiv^ 
from the central station into direct current of the requisite 
pressure, to meet the service requirements. In the case of a 
railway system of considerable length where traffic is heavy, 
sub-stations are provided at intervals along the line, each re- 
ceiving high pressure current from one large central station and 
converting it into moderate pressure direct current for their 
districts. 

The selection of apparatus and general arrangement of a sub-station 
depends upon the character of the work and method of converting or 
otherwise altering the current supplied from the central station. 


There are several general classes of sub-station: 

1. Manually operated; 

2. Semi-automatic; 

3. Automatic; 

4. Portable; 

5. Supervisory controlled. 

In general the building for a sub-station should be sub- 
stantial, convenient to install or replace the heavy machines, 
and the layout arranged so that the apparatus can be readily 
opo^ated by those in attendance. 
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convenient method of hanrfiin» 
the heavy machmery. and is frequently used in large sulSSttonT^ 

Fig. 4,779 shows a plan and fig. 4 . 780 , an elevation for J small sub 

converters and two banks of Vee singte 
operating on a three phase system a\ ll.cSoor 
13,200 volts, together with the auxiliary apparatus. \ 

I 

In the case of three phase installations with separate trans> 




Kr.\ 


DOOR TO / CURRENT 
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fonners as compared with combined transformers, repairs are 
more readily made. 

The three phase units have the advantage of low first cost. 

e8k“iSltdX considerable heat, due to the hyeter. 
esis and eddy currents, and it is nece^arv to get rid of it. 
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Fic. 4,779.— Plan of small sub-station with single phase oil insulated self-cooling tranaformeii 
and hand operated oil switches 11,000 or 13,200 volts, overhead high tension lines. 
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Small transfonners radiate the heat from the shell and the medium sizes 
have corrugated shells which increase the surface and provide (mote rapid 
radiation. 

Automatic Sub*Stations. — In order to eliminate ithe im« 
certainty and expense of manual operation, unattended or 
automatic sub-stations have been introduced. This type of 
sub-station is provided with an assemblage of contactors, re- 
lays and other devices especially adapted to automatic control 
service. 

This equipment together with the motor driven master controller per- 
forms the usual functions of starting, shutting down and full> protecting 
the sub-station at all times, entirely independent of manual supervision. 


The automatic station is usually started by a load demand 
on that part of the system within its particular district. 


This is accomplished by a voltage relay, actuated from the trolley. 


The stopping indication is given by the operation of an under- 
load relay when the load diminishes to an uneconomical point. 
Starting and stopping of the station may also be accomplished 
by means of one of several remote control systems or by a 
time switch. 


The sequence of the various op^tions is determined by the motor 
driven master switch which was originally developed fnxn the platform 
type drum controller. The fingers and s^ments of this switch make and 
circuits, actuating contactors and relays which act directly on the 
cbachine circuits. This type of control, in addition to insuring a fixed 
and omrect sequence of operation, also eliminates a large number of inter- 
locks. 
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As a concrete illustration, assuming a 600 volt, normal trolley 
pressure the auUanatjic equipment starts the synchronous^ con- 
verter or motor generator when the voltage falls for in- 
stance, to 540 volts or below. 

This reduction in trolley voltage is occasioned by the heavy ctbrent 
demand of a car just entering the zone fed by this station. The voltage 
relay acts, due to the reduction in voltage, and after a suitable time d^y, 
to avoid starts due to current demands of short duration, actuates the 



Fic. 4,783. — Control system requiring pilot wires fora remotely controlled automatic statioiir 
In the diagram a semi-automatic plant is controlled from some other station by means of 
a three phase iK>wcr line and two additional conductors, for controliing the water wheel 
gate opening. The operator fust closes the control switch, which causes the water wheel 
gate to open, thus starting the alternator. The field of the alternator is connected to the 
armature of the direct connected or belted exciter by the closing of the conUctor in the 
main held circuit, and the alternator builds up the voltage as the spe^ increases. The op- 
erator, who has a synchronism indicator across the oil circuit breakc;* in the hand controlled 
station, adjusU the speed and synchronises the alternator as if it were a machine in ihm 
same plant. After the alternator is ejmehronised, the load, which is under the operator’s 
control, may be adjusted to any desired amount. In CMrder to have a lower value of ex- 
citation for synchronising than that required under full load operation, resistance is inserted 
in the alternator field circuit. This resistance is automatically short circuited by a coo- 
cactor when the .two stations are connecteo. 
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master switcn. This energizes in proper sequence the operating coils of 
the a.c. starting field, and running contactors. 

As soon as the machine reaches normal voltage, the d.c. line contactor 
is dosed and the master switch stops. The sub-station then continues to 
furnish normal trolley voltage until the current demand falls below some 
predetermined value. This occurs, of course, when the car or locomotive, 
which has been taking current, passes out of the section fed from this 
particular station. 


ALTtRNATIve 



Fic. 4,784.---ControI system which does, not require pilot wires fora remotely controlled auto* 
matic station- The operator starts the station by impressing fractional voltage on the line. 
Tlie fractional voltage may be obtained either from a starting compensator or from taps on 
transformers, provided that such are available. In the remotely controlled station, the 
alternator is equipped with an amoriisaeur winding and is started as an induction motof . 
As Uie alternator comes to synchixmism the exciter builds up voltage and excites the alter* 
fiator field, thus pulling the alternator into step. Ammeters, which are provided in the 
control station, indicate when the alternator pulls into step, and the operator then opens 
the tractional voltage supply and closea the line oil circuit brei^er, thus applying full voltage 
to the remotely controlled alternator. The closing of the oil circuit breaker causes contactor 
A, to close, which applies full excitation to the alternator and opens the water wheel gate 
to full gate position. The gate motor is operated from direct current supplied by the tx^ 
ctter. To close down the remotely controlled alternator, the operator opens the oil circiut 
breaker in the main station. The alternator then speeds up, and centrifugal switch B, 
breaks the coil circuit of contactor A, which drope out and completes a circuit to close the 
gate. The contactor is arranged to insert resistance in the exciter held circuit, which pee'* 
vents the altemator voltage rising above normal value. 
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Tfane delay features prevent the station dropping out until an appre- 
ciable period has elaps^, sufficient to take care of the normal /service 
stops for discharging and taking on passengers. 

In the absence of manual attendants, the automatic\ sub- 
station is amply protected by reliable devices performing?^ cer- 
tain functions, which in the manual sub-station would be thken 
care of by the operator; such as to: 

1. Start machines when demand exists or at direction of re- 
mote control. 


TRANSFORM£R WITH TAP 



Pic. 4,785,— Control syirtezn for an entirely automatic station (drum controller required). 
Tlie entirely automatic statioo differs from the remotely conirolleJ atatkm in that the 
power line does not necessarily pass throtigh a manually operatevd plant but may be tatpped 
directly into the transmission network. The contacts of the float switch close when ^ 
water level in the forebay rises to a predetermined level, thus energising a relay causing 
the contactor in the gate motor circuit to close . The closing of this contactor applies voltage 
to the polyphase gate motor, which is omnected to the water wheel wicket gate throt^ 
proper gearing. The motor opens the gate approximately 20% of full pte opening, which 
admits sufficient water to start the water wheel. At 20% gate opening, the gate motor^ 
contactor is dropped out by the breaking of its coil circuit, which is opened by one ot the 
drum controller sc^^ments, the drum contrc^ler being driven through suitable gearing by^ the 
gate motor. The wicket gate stays in the partially open positkm until the water wheel 
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2. Protect machine against injury during starting. 

3. Connect machine to sub-station bus. 

4. Protect machine against injury due to any cause while 
running. 

5. Shut down machine when demand ceases or remote con- 
trol indicates. 

In some of these operations, such as protection against ex- 
cessive temperature of load limiting resistors, or machine wind- 
ings, the machine is shut down imtil the temperature has 
dropped sufficiently to make operation safe. At this time, the 
machine again automatically resumes service. Where the ^ut 
down is due to other causes, an inspection may be required 
and the machine is not started again until the cause of the 
interruption has been determined and corrected. 

Scheme of Operation . — ^From the simplified wiring diagram^ fig. 4,786, 
covering a typical 600 volt, synchronous converter installation, the general 
method of operation can be studied in detail. This diagram is so arranged 
that the various operations are indicated in sequence, beginning at the 
left. The starting indication is given by a voltage relay, which functions 
on low trolley voltage and operates through a time-dday starting relay 
(No 2) to start the station. After this relay has operated, provided the 


Pig. 4.785 . — Taxi Ctmiinmd. 

co met to nearly tynchronout tpeed, when the contacts of centrifugal twitch A, driven hrom 
the shaft of the aitemator, dote, thus bridging the break in the drum controller tegmtnl 
and causing the gate motor to continue to open the gate. The proper segment on the dima 
controller then causes the fractional voltage oil circuit breaker to dose, thua coimacting 
the aitemator to the fractional voltage transformer taps. A drum oontrdler segment, then 
making contact, causes the alternator field contactor to dose, the dosing of which escites 
the aitemator, pulling it into step. By meansof controller segments operating on the proper 
control circuits, the fractional voltage oil circuit breaker ia tripped, and the main oil 
drcuit breaker is dosed. The alternate’ is thus properly connected to the bus and operates 
at a load cotresponding to the head of water available. If the level of the water in the tee- 
bay fall to a predetermined minimum, the station is automaticaUy shut down. Where the 
head of water is constant and full kilowatt output from the aitemator is desired at aU times, 
the motor operated wicket gate may be dispensed with mnd the water wheel provktel with 
teed wicket gates. A motor operated <»r hydriulkally opesmted valve can then be land 
Icr starting and stom’ing ths station. 
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Fic, 4,786, — Wiring diagram of a typical automatic auh-station. 


1. 

Master starting clement 

11. 

Control power transtormer 

2. 

Time delay st'arltng relay 

12. 

Speed limit switch, hand reset 

4, 

Master control contactor 

13. 

Synchronous srxied control relay 

6. 

Starting contactor 

27. 

A-c. undervoltage relay 

8. 

Control iKJwer switch 

27X. 

Auxiliary relay for No. 27 


various protective devices give correct indication, the master control com 
tactor (No. 4) is closed. This actuates the motor mechanism of the oil 
circuit breaker which closes the breaker, thus energizing the a.c. bus. 

The protective devices again giving correct indication, the motor of the 
master switch, or drum controller (No. 34) is then energized and the dnun 
starts to rotate. From this position the drum controller directs the se- 
quence of operations. About 30 seconds is required for a complete revolu- 
tion of this drum (from starting to running position, 23 seconds). 

A segment of the drum controller closes the starting contactor (No. 6), 
connecting the converter to reduced voltage taps on the transformer. At 
the same time the field-flashing motor generator, which is used to insure 
correct polarity, is started. 

When the converter reaches synchronous speed, as indicated by a relay 
connected across the armature of the converter, the converter field is sep- 
arately excited by the closing of emtactor (No. 31), which connects the 
field to the field flashing generator. 
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26. Resistor temperature relay 48X. 

31. Field flashing contactor 49. 

34. Master switch 51. 

34E. Field flashing motor generator set 

Brush operating mechanism 
Polarised relay 


Bearing temperature relay, hand ^ | ' 
react 7 «* 

A • . _ _ •4(5* 


40. 

A-c. machine field relay 

/z* 

73. 

41. 

Full held contactor 

74. 

42. 

Running contactor 

75- 

46. 

Balanced current relay 

76. 

47. 

Potential reverse phase relay 

77. 

48. 

Starting protective relay 

78. 


Auxiliary relay for No. 46, hand reset 

A-c. machine temperature gelay 

A-c. overload time delay relay 

Oil circuit breaker and mechanism 

D-c. reverse power and underload relay 

Time delay stopping relay 

D-e. grounding protective relay, hand reset 

IXc. line circ!iit breaker 

D-c. line contactor 

Load limiting re istor short circuiting cootactar 
Load limiting resistor short circuiting contactor 
Load limiting resistor short circuiting contactor 
D-c. overload relay 
D-c. overload relay 
D-c. overload relay 


After sxiffident time has elapsed to insure the establishment of correct 
polarity, the separately exciting field contactor is opened and the self- 
exciting field contactor is closed. The machine is now running at syn- 
ciironous speed, self-excited, but on half voltage taps. The starting con- 
tactor (No. 6) next opens and the running contactor (No. 42) closes almost 
simultaneously, connecting the converter to full voltage taps on the trans- 
former. The converter brushes are lowered by the motor operated brush 
operating mechanism. The machine is now delivering normal vdtage 
with correct polarity. The d.c. line contactor (No. 72) next closes, com- 
necting the converter to the d.c. bus through load limiting resistors. Tlie 
load limiting resistors serve to limit the current when the machine is con- 
nected to the bus and are short circuited, in two or three steps, to further 
cushion the machine on the bus. 

The controller has now reached the full running position and the motor 
circuit is opened, stopping the controller until the machine is ready to 
shut down. 
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Under normal operation, the station shuts down when the load falle 
below a certain predetermined amount. By the use of the time dday 
feature, the actual shutting down does not take place until mter the 
load has remained below the underload setting for a certain definite 
interval. \ 


U6HTNIN6 

ARRESTER 


01SC0NNECTJN6 

SWITCH FUSES 


IHCOMINe 

UNES-Jr- 


AUTO VALVE 
LIGHTNING 
ARRESTER 



ELEVATION 

Figs. 4,787 and 4,788.— Plan and elevation of typical outdoor aemi-automatic aub-atatian. 


At the end of this time interval, the contactor (No, 4) opens the oil 
circuit breaker (No, 52), the running contactw (No. 42), and d»e line 
contactor (No. 72), 

The drum controller then returns to the portion and the 
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equipment resumes a position ready to respond to the starting indication 
resulting frcan the next reduction in the trolley voltage. 

Semi-Automatic Sub-Stations. — By definition this type of 
station is one which is started manually and runs until shut down, 
according to some schedule, by one of a number of different methods. 
These methods may be a time switdh, momentary interrup- 
tion of a.c. supply, or by an attendant who enters the sub- 
station fcxr that purpose. 



no. 4,789.--Westii>|^KMae igmdirooontt visual type soperviaonr anaucRUn; dispstdier's mo> 
tnl kseys and indicating lainiis. 
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Since the semi-automatic sub-station is attended only during the start- 
ing and possibly the shutting down period, it must be equipped/ with all 
protective devices such as are included with full automatic eqmpment. 
These devices include those to prevent open phase nmning, excW tem- 
peratvue of machine or transformer windings, overheated bearinga op)era- 
tion with open shunt field winding, and overspeed of the machine. Of 

course, complete automatic operation of the d.c. equipment is esential. 

\ 

Since the station runs continuously during its sch^uled 
period of operation there will be no saving in light load losses, 
such as would be effected by a full automatic equipment. 
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Load reqtdrements, however, may be such as to make this item n^ligible. 
The itan of attendance is not entirely eliminated. 

Automatic Supervisory Equipment. — The ordinary automatic 
sub-station operates very satisfactorily and would meet all re- 
quirements were it not for the occasional unusual occurrence 
which is foreign to any predetermined set up, but which is 
nevertheless vital to unit operation. 

For example, to meet emergency conditions in this class of service, it 
is essential that means be provided for quickly opening all feeders supply- 
ing a particular trolley section. In many installations where load condi- 
tions permit, it has also been found profitable and advisable to shut down 
and lock out certain automatic sub-sthtions during light load period. 
There is a demand, therefore, for some means of supervising these un- 
attended automatic sub-stations 



Fins. 4,791 md 4,792. — ^WetUilKhou«e audible type supervisory contrtd apparatus; fig. 4,791 
dispatcher's oontrol equipment; Tu- 4.792 sub-station relay cabinet. 
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A new class of equipment has been developed and is known 
as automatic supervisory equipment. This equipment prpvides 
the dispatcher with a means of selectively controlling devicesUn the 
sub-stations and automatically gives him a visual indicaupn of 
the sub-station apparatus by means of standard indicating lamps 
located in cabinets at his office. \ 

There are several types of equipment to meet variou^ re- 
quirements and designated by the manufacturer as: 


6ReC.N LAMP mOICATeS 
OPEN POSITION OF 
BREAKER 



RED LAMP INDICATES 
CLOSED POSITION 
OF BREAKER 


AMBER LAMP 
INDICATES THAT 
THE SELECTORS 
ARE IN POSITION 
TO OPERATE A 
UNIT AT THE 
^IfTLYING STATION 


5ELECT 

“KEY 


WHITE LAMP indicates 
THAT THE SUPERVISED 
UNIT IN THE OUTLYING 
STATION IS IN THE POSITIOH 
OPPOSITE TO THAT SHOWN 
BY THE CONTROL KEY 


□ 


Pigs* 4,793 to 4,79S*--<^enerai Electric superviecMry equipment: DUpaith&rtt* control 
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1. Synchronous visual type: 

2. Code visual type; 

3. Audible type; 

4. Synchronous selector type. 

The first two types give the dispatcher a continuoiis visual indicatkm 
of the position of the apparatus controlled, while the third type gives an 
audible signal such as a bell tap or buzzer tone, informing the dispatcher 
of the conditions existing in the sub-station. 

A detailed description of the synchronous selector system as 
made by the General Electric Co. is here given to illustrate 
automatic supervisory control. The dispatcher’s office equip- 
ment consists of control keys, indicating lamps, and necessary 
supervisory devices for receiving control impulses which indi- 
cate the positions of the various supervised units. 

The sub-staiicn equipment consists of the supervisory devices which 
transmit the control impulses to the auxiliary control relays and send bade 
indication impulses to the dispatcher’s ofiice. 

At the dispatcher's office, each supervised unit has a key and lamp com- 
bination consisting of a standard two position turn key for control, a red 
light for indicating the dosed position, a preen light for indicating the 
open position, and a white light for indicating an automatic operatiem of 
the corresponding breaker unit. Each combination has a two position 
push and pull selectipg key to stop the sdectors at a point corresponding 
to the unit it is desired to control, and an associated amber lamp fw 
indicating when the sdectors are connected to that particular unit, as in 
figs. 4,793 to 4,795. 

The dispatcher controls the supervised unit in the sub-station over die 
control circuit, and the indications from the supervised units are returned 
to the dispatcher over the indication circuit. 

The equipment at the sub-station is made to operate in synchronism 
with the equipnent in the dispatcher’s office by means of current impulses 
sent over the synchronizing circuit. 

The schematic diagram shown in fi^. 4,796 gives the control 
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Assume the system at rest. Before the dispatcher tries to perform any operation, 
he has to note that the white lamp associated with the start key is lighted, which 


2,792 


Sub-Stations 


indicates that the selectors in the dispatcher’s office and the 
CNitlying station are both in the zero, or starting, position. 

In case this white light be not burning, the dispatcher should sync -uWac 
the selectors in both stations by pushing the synchronizing key. It is 
not possible to operate the system if the selectors be not both in the »en>. 
or starting, position. 


INDICATING 



FlC. 4798. — Diagram of General Electric automatic superviaory equipment, cable type, fof 
control and indication of remote power apparatus. To operate a breaker at an outlying 
station, the dispatcher turns the key assigned to that unit. If the breaker be closed, 
red lamp lights and tl>e green lamp goes out to indicate a completed operation . The white 
lamp remains lighted only during an operation, and goes out when the breaker closw. This 
lamp also lights when a breaker trips automatically and remains lighted until the dispatcher 
acknowledges the same by turning the key associated with it to the 'Trip*' positi^m. This 
ofMaration a set up on the auaiUary relay at the breaker so that it can be closed when 

the key is turned to the “closed*' position. A trip free contactor is used to allow the breaker 
to open if closed on an overload or short circuit, and thus prevents a pumping action since 
the dispatcher's control key is turned to the “closed" position. The connection diagram 
gives complete connections for two operaUng fcseya of the dispatcher's control cabinet* 
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Whenever the dispatcher desires to operate any oil circuit breaker or 
equivalent unit located in the outlying station, he first pulls the selecting 
key associated with the unit he desires to operate. By pressing the start 
key, the selectors at each station step in synchronism to the selected po- 
sition and stop; the associated amber lamp lights, indicating that the se- 
lectors have reached the desired position. A control and an indicating 
circuit for that unit are now connected to the control and indicating wires, 
and the dispatcher can perform the desired operation by turning the indi- 
vidual control key and pressing the master operating key. The changed 
position of the supervised unit will be indicated at once by the red and green 
lamps. Upon completion of this operation, he presses the selecting key, 
which permits the selectors to return automatically to the zero position. 

The pilot light key should also be depressed to extinguish the pilot lamp 
so that it will be ready for the next operation. 

Upon reaching the zero position, the alarm bell (either single stroke or 
continuous ringing) rings and the white lamp is lighted, indicating that 
the system is ready for a new operation. However, if he so desire, the 
dispatcher can select successively any number of positions during a single 
rotation, provided they be taken in sequence. 


With the supervisory system at rest, assume an automatic 
operation of an outlying station breaker. 

The breaker auxiliary switch starts selectors which automatically check 
the position of all units supervised. During the operation, an indication 
is sent over the indicating wire to light the correct indicating lamp in the 
dispatcher's office, and the alarm bell calls the dispatcher's attention to 
this. Also the individual white light for this ’init is lighted, so that the 
dispatcher can easily locate the unit which has operated. Similar opera- 
tion takes place in case of simultaneous operation of more than one out- 
lying station unit. 

The dispatcher can extinguish the white light and reset the tnp free 
device for the breaker by selecting the supervised breaker and turning 
the control key so as to correspond with the position of the breaker. 

If, for any reason, such as inductive interference, the dispatcher's office 
and the outlying station selectors are thrown one notch out of step, the 
selectors stop immediately, and the dispatcher cannot perform any control 
operations. Thus no false operation can take place. The dispatcher has 
to p ush the synchronizing key, return the selectors to the zero position 
and start the operation all over again. 
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The position of all units indicated may be checked at any time by push, 
ing the starting key. 

A trip free feature is incorporated in the auxiliary relay eqxiipment at 
the outlying station. A breaker when tripped open by a protective device. 
Ilierefore, cannot reclose until this trip free device has been reset (except 
in the case of automatic reclosing equipments). 

The dispatcher resets the trip free device by performing the same qp 
eration as that for tripping the breaker. 



Operation of Circuits. — As previously stated, the schematic 
diagram of the synchronous selector system shown in fig. 4,796 
gives the control circuits for only two units, numbered 9 and 18. 
It is understood, of course, that each selector unit is capable 
of handling 23 such circuits. 

Synchronizing Circuits . — The function of this circuit is to provide a 
means for forcing the selector in the sub-station to operate in exact syn- 
chronism with the selector in the dispatcher’s office. At each end of the 
synchronizing line and connected in series with it, is a polarity relay used 

FlO. 4,799.— continued, 

L.Gm green lamp; L.R., red lamp; a, circuit closing auxiliary contact; bb, auxiliary con- 
tact* closed when mechanism is in open position; 101, master element; ISl, ax. overcur- 
mnt relay: 152, oil circuit breaker and control relay; 179. ax, time delay reclosing relay; 
106, locking out current relays 
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as a selector synchronizing relay. Since the two relays are in series with 
each other, they will operate together whenever a current impidse is sent 
over the synchronizing line. j 

The circuit for the two relays is completed at each end of the line ttuough 
the synchronizing bank of the selector. \ 

The current impulses are fed into the synchronizing line with Alternate 
polarity, as successive contacts on the synchronizing ban!,, of theiselector 
are connected to opposite polarity. The contacts on the selecfpr syn- 
chronizing relays operate the matching magnets of the selectors by ap- 
plying alternate polarity at each step to one side of the notching coil. This 
circuit is completed to opposite pressure through the contacts of the 
notching bank. 



Fig. 4.801, — Diagram of General Electric automatic telemetering equipment, frequency im- 
pulse system . Operation: Cx>nsider a totalizing watt hour meter , equipped with telemetering 
contacts and located at an outlying station. These contacU operate an auxiliary relay 
which transmits the impulses from the watt hour meter over the line wires to the load super- 
visor's office. The impulses are received by auxiliary relays which transmit them to the 
recording and indicating telemetric receiver. Since each revolution of the watt hour meter 
shaft causes the telemetering contacts to send out a definite number of impulaes, each im- 
pulse represents a definite block of power. Therefore, the rate of power with respect to 
time represents the actual kw, measured. The receiving telemeter is calibrated so that a 
certain number of blocks of power, or impulses per second, will bring the pointer of the tele- 
meter to its full scale reading, or a definite part of full scale, the pointer indicating and 
a pen recording this position or the kw . load . The apparatus is accurate within 2 % of full load . 

NOTE. — General Electric supervisory equipment: The eeiector unit. The principal de- 
vice used in this s)rstem is the selector unit operating in conjunction with the selector relay 
unit. It is located at the lower right hand comer of the dispatcher's panel, shown in fig. 4,7S13» 
and consists of five rows or banks of 25 contacts each, making a total of 125 contacU arranged 
in a semi-circle. There are five wipers, or armatuxea. pnc for each bank of contacU mouxified 
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The initial or starting impulse is given when the dispatcher presses the 
start key. The pumping action of the selector synchronizing relays is 
then continued as long as the relays receive alternate positive and negative 
impulses from the contacts of the synchronizing bank. As soon as a con- 
tact is reached that is disconnected from the source of voltage, the selec- 
tors will stop. 

The dispatcher can disconnect any one of the contacts from the source 
of voltage by opening the circuit of that contact with the corresponding 
select key. It is in this way that the dispatcher chooses the supervised 
unit to be operated. After opening the proper select key, a press of the 
start button will give the initial impulse and start the selectors. They will 
continue to run until the oi>en contact is reached. Both the selector in 
the dispatcher’s office and the sub-station selector will stop on the open 
contact. The wipers on all the other banks will be on the corresponding 
contact on those banks. 

Control Circuit . — With the selectors in the dispatcher’s office and the 
sub-station stopped on corresponding contacts, a direct connection is made 
between the control key and the control relay of the supervised xmit cor- 
responding to the position of the selectors. By turning the control key 
to one position or the other, the control line wire is coimected to positive 
or negative pressure. 

At the sub-station end, the control relay, being polarized, responds to the 
polarity of current and operates to close or trip the device under its control. 


NOTE-— CwitttMi**/. 

n a oommon ahaft, that move over the semi-circle of contacts touching each of the atatioaaiy 
ixntacta in succession. Each armature oi; wiper is insulated from the others and has a sejv 
arate lead making a total of 130 connections to the selector. A driving magnM actuates the 
armatures by means of a notching arrangement. Each time the coil is deenergized the arma- 
tures are moved from one contact to the next. The five banks of contacts are known as the 
synchronizing, notching, control, indication and transfer banks corresptmding to their frinc- 
tions. Tlie syndtronizing bank sends out alternate contacts and negative impulses of current 
over the synchronizing line, and for this reason alternate contacts of the synchronizing h a nk 
are connected to positive and negative polarity. These connections an made throu^ the 
normally closed contacts of the select keys. The function of the notching bnok is to reverse 
the current. through the driving magnet of the selector in order to contrd its operation so 
that only one step at a time is taken. The alternate contacts of this bank me connected di- 
rectly to positive and negative polarity. The function of the oontrcd bank is to connect the 
control line wire to the control keys in succession. Therefore, each contact on the control 
bank ta connected to the corresponding control key, and the armature is connected to the 
control tine wire through the proper protective relays. The function of Uie indication bank to 
to co nn ect the indication line wire to the indication relays in suooessicm. ThOTfore, each 
contact on the indication bank is connected to the coil of the corresponding indication relay, 
and the indication line wire is connected to the armature. The function of the transfer tomk 
to to cause the amber lamp on the control unit to light when the selector stops on the coe- 
wmxinrting contact. 
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eCNOIATINa 
STATION N9f 


OCNENATINe 
STATION N9 8 


I Tit LINE (RUNES I 




•iHi 

I 


THESt LINES ARE OF i 
UNEQUAL IMPEOANC^ > 


2S®®sE^--i 

C0MIN6 LINES iS [BJ | 

FROM SYN- X.,JT 

/^TRANSFORWRJ 
SOURCES vyv BANK I 


lorreoiHe 


SIN6 FEEDERS 


A OR B TRIP ON VOLTAGE RML- 
URE AND RECLDSE ON VOlTAfiE 
RESTORATION. EITHER A OR 6 
MAY BE THE PREFERRED SOURCE 
UNDER CERTAIN CONDITIONS. 
A AND B MAY BE CLOSED 
SIMULTANEOUSLY FOR A 
SHORT INTERVAL 


i STATIOIIN9I 


TWO 

PREFERRED 

EMERGENCY 

£WL> 

I NON-SYNCH- 
BONOUS ‘ 

sources: 


OUTGOING RfiCLOSlNG FEEDERS 

AORB TRIP ON VOLTAGE FAIL- 
URE AND RECLOSE ON VOLTAGE 
RESTORATION. EITHER A OR B 
MAY BE the preferred SOURCE-I 
OWING TO POSSIBILITY OF TIE 
UNE BETWEEN GENERATING 
STATIONS BEING OPEN WITH RC 
RESULT THAT THESE STATIONS 
MAY BE OUT OF SYNCHRONISM. 
BREAKERS A ANO B (STATION NPj 
CANNOT BE CLOSED SIMULTAN- 
EOUSLY 

STATION N9 2 


Fic. 4,802 — Diagram olf Gen- 
eral Electric preferred emer- 
gency operation of power 
line system for automatic 
station control. Opera* 
tion: At Station No. I, 
when under voltage occura 
on any phase of the pre- 
ferred line* its under volt- 
age relay starts to drop out 
and after a short time-de- 
lay closes a set of contacts. 
If conditions on the emer- 
gency line be satisfactory 
for a transfer, a timing re- 
lay having a relatively 
longer setting than the tm* 
der voltage relay is placed 
in action. This relay shown 
in the lower right comer of 
the upper panel section is 
energized from the emer- 
gency line but controlled 
by the under voltage relays 
on the preferred line. It 
prevents a transfer as a re- 


suit of momentary voltage 

'*dip8'* and also permits any protective scheme to operate and clear the fault which may cause 
such "dips.’* If under voltage conditions on the preferred line continue (usually from S 
to 10 seconds or longer), the breaker on this line trips. The tripping action js accomplished 
by voltage from the emergency line. As soon as the preferred breaker opens, the emer- 
gency breaker clqiees. The control is so interlocked that when a transfer is made in this 
direction, the preferred breaker must be open before the emergency breaker can close. 
This arrangement is necessary because a fault might exist on the preferred line and if both 
breakers be closed simultaneously the fault would be reflected to the emergency line. This 
would probably result in a loss of station voltage and would, thereby, eliminate the means 
of opening the preferred breaker (over current protection is usually omitted and only voltage 
tripping is ordinarily used). Therefore in making this transfer the load is momentarily 
dropped. However, if voltage remain on the emergency line, and also return to the pre- 
fer!^ line for a definite time, the preferred breaker then closes, after which the emergency 
breaker immediately opens. This temporary overlap is so short that protective relays will 
not operate and it results in a re-transfer without dropping the load. With a slight varia- 
tkm. the equipment described can be applied to incoming lines from non-synchnmous 
aouroes (see Statical No. 2) . In this case, however, a momentary dropping of the load 
occura in the transfer both to and from the emergency aemree. Other modiflcatioiis of 
these eciuipments can be made to suit service requirements. 
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A positive impulse is sent to trip the device and a negative impulse to dose 
it. As long as the selectors are standing at this point, the dispatcher may 
trip or close the device at will. 

Indication Circuit . — The function of the indication circuit is to notify 
the dispatcher of a change in the positk'n of any device at the sub-station 
by extinguishing one lamp and lighting another. A white lamp is also 
lighted to indicate which of the devices operated. 

Assuming that the selectors are standing or. one contact as described 
above, the indication circuit functions to indicate that a change has taken 
place each time the dispatcher opens or closes the device. 

The auxiliary switches on the supervised unit connect the indication 
line to either positive or negative polarity, depending upon which switch 
is closed. 

A current impulse is sent over the indication line to the indication relay 
in the dispatcher’s office. This relay operates to light a green or red 
lamp, indicating that the device is open or closed. 

After the dispatcher has completed the operation, the selectors may be 
reset to the zero position by closing the select key. Proper jwlarity is 
thereby supplied to start the selectors, which continue to run imtil the zero 
position is reached. 


NOTE, — General Electric supervisory equipment: Transfer selector. Since the selector 
unit has only 23 positions that can be used for control and indication, another selector is re- 
quired for each group of 23 units supervised. In order to transfer the synchronizing and 
notching circuits from the first to the second selector, from the second to the third, and so 
on, a transfer selector is required. This selector is the same as the first, except that only four 
banks of contacts are required. 

NOTE. — General Electric supervisory equipment: The auxiliary relays. The five auxil- 
iary relays are lettered A, B, C, D and F. Relays A and B, are the two starting relays. Relay 
A, is energized over the indication line wire when the dispatcher presses the start key, and 
picks up to give the initial starting impulse to the selectors. Relay B, performs the same 
function, but is energized whenever one of the indication auxiliary relays drops out because 
of a change in position of the suiier vised units. Relay C, is a line cut off relay that holds open 
the control line as long as the selectors are in motion. Relay D, is a voltage indication relay 
connected across the power supply. If any fuse blow, or power supply be lost for any other 
neaaon, relay D, opens the common line wire to prevent operation of any sort. With the se- 
lectors in the zero position when voltage is lost, the dispatcher is warned by the alarm bell 
and loss of the starting position lamp. Relay F, is used to check the synchronizing line wire, 
being dei^nergized in the starting position if the line wire be open. This relay is also deener- 
gised as soon as the selectors start from the zero position. 

NOTE. — General Electric supervisory equipment: The indication auxiliary relay. These 
relays are normally picked up and are connected between either positive or negative power 
and neutral, by the auxiliary switches on the supervised units. A change in the position of 
a supervised unit will cause the indication relay to fail out. This causes the selector to start, 
if it be in the proper position, and the indication relay picks up, sealing itself in. The proper 
indicatkK) at the dispatcher's office is therefore assured- 
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In case any of the supervised units changes position while the s^ectcnrs 
are in the zero position, the circuit for the corresponding indicatiori auxil* 
iary relay is broken by the action of the auxiliary switches on the^super* 
vised unit. The indication auxiliary relay drops out and comnetes a 
circuit for a starting relay which, in picking up, sends the initial impulM 



4v 803^A system of control which is adaptable to many automatic alternator 
(drum controUer not required) . This system involves the use of a master starting element^ 
shown in the diagram as a float switch, but which may be either a frequency controlled 
device, a pressure governor, or a relay energised over pilot wires, or any other device, which 
when operated, will close the circuit of a solenoid or other starimg device to admit water 
to iht water wheel. When the water wheel comes to approximately 90% of synchronous 
speed, the contacts of the centrifugal switch close, which complete the circuit through an 
auxiliary switch attached to the gate mechanism to close the main line and the aitemator 
held contactors. Tf»e closing of the alternator field contactor also completes the field Circuit 
of the exciter. Owing to the time lag in the building up of its own field, the exciter excites 
the alternator an instant after the closing of the main line contactor, which pulls the alter* 
nator into step with a minimum disturbance to the system. The alternator, thus prpperly 
connected to the line, will carry iis share of the S 3 ^tem load when a governor is us^, but 
when the gates are motor or hydraulically operated, the load will depend upon the degiee 
of the gate opening. WThen the master element opens the circuit of the starting device, or 
when the protective devices wired in series with the contacts of the master element operate, 
the station wilt close down. In closing down, the load on the aitemator Is fint reduced, 
and then the main tine and field contactors are opened by an amdUary switch whidh itO|Mh 
aled fiom the gnte mechanism. 
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Fic, 4 jB 04. — Diagram of General Electric automatic switching system, tor a.e. railway aigiial 
and train control feeders. ^Two claasihcations oi feeder equipments are made: 1, operatkm 
noithout a*c. reclosing relay; 2. operation with >.c. reciosing relay 'fhe operation it da* 
scribed for any section of the line, a section consisting of the line with an A, contactor at 
one end and a B, <pntactor at the other. 

Ctaam 2. — With automatic resetting feature — ^Assume normal line conditions with coo« 
tactor A, closed and B, open. . If a trouble occur on the line. A, trips on overcurrent. Altai 
a sl^rt interval of two or three seconds, B, closes If the trouble clear, B, remains closed, 
A, remains opcff, but resets ready for redosure, with a two or three eecond delay if B, open 
later. If the disturbance persist, B. trips and locks open. A, is also locked open. After the 
trouble is corrected A, is reset manually and normal operation is resumed. 


Clnaa i . — Without automatic resetting feature. — Assume normal line conditions with A» 
closed and B, open. In case trouble occur. A, trips and is locked open until manually reset* 
After 8 brief interval of two or three seconds B, doses. If the line clear B, remains dosed 
If the disturbance persist, B, trips and is locked open until manually reset. 

Ctaaa J. — With complete automatic resetting feature. — Using an a.c. redosing relay to 
control the A, contactor, assume normal conditions with A, clos^, and B, opei.. If trouble 
occur on the line. A, trips on overcurrent and after a brief interval of two or :hrer. seconds, B» 
doses. If the line clear, B, remains closed, and A, remains open, but resets eady for redosure 
in two or three seconds if B, open later. If the disturbance persist, d. trips and aocks open. 
After a time delay , A, recloses. If the trouble still remain until the last redosure of A, by 
the redosing relay, it is assumed to be permanent. A and B, then locking open. After the 
trouble is corrected A, is reset manually and normal operation is resumed. If the line clear 
befte-e the last redosure of A, this contactor- remains closed. After a time delay to insurs 
voltage is being maintained, B, resets ready for redosure in two or three seconds if A, opens 
later. 


Cloea 4. — With partial automatic reset. — ^Assume normal conditions with A, tripping on 
overcumnt and B, dosing as described above. If the line dear, B, remains closed, and A, 
remains open with resetting mechanism ready for a time delay redosure if B, open lat^* 
If the trouble persist, B, trips and locks open. After a time delay, A. reclossa. If the dis^ 
turbance still remain until the last redosure of A, by the redosing relay, it is assumed to be 
permanent, A, then locking open. After the trouble is corrected, both contactors are reset 
manually, and normal operation is resumed. If the line dear before the last redosure of A* 
this contactor remains dosed. Since B, is locked open, it must be reset manually in order to 
be ready for redosure in case A, opens later. On voltage failure at any station, any contactora 
feeding from that sution are opened and the signal line energised from the adjacent statioas. 
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over the sj^chronizing line to start the selectors. The selectors continue 
to run until the zero position is reached. 

As the wiper of the indication bank reaches the associated 
Impulse of a polarity determined by the breaker auxiliary switch 
over the indication wire to operate the indication relay in the 
office. Simultaneously a pick up circuit for the indication 
is completed by the wiper of the .transfer bank. The indication a 
relay picks up and seals itself in through its own contact. 

Automatic Hydro-Electric Generating Stations. — In many 
places throughout the country there are small, undeveloped 
water power sites, which may be located near each other on 
the same stream. It is not economical in many cases to use 
the total head of water of the several sites for the development 
of one large plant. 

To develop each site independently, although a compara- 
tively small initial investment is involved, may not be an eco- 
nomical operating proposition if operators be maintained; but, 
by the installation of automatic control equipment, which 
eliminates the operating force, each independent site can be 
developed into an economical plant. 

Control schemes may be roughly divided into two classes: 

1. The remotely controlled automatic station, in which the 
alternator leads run to the main station, where the altematcar 
is synchronized by hand; 

2. The entirely automatic station, where the alternator is 
automatically synchronized into the transmission network. 

TTiese control schemes are shown in the accompanying illus- 
trations. 



Class 4. — Continued from page 2,801. 

If complete automatic resetting be provided, this ofxsraxion takes place after a brief interval 
of two to three seconds in all cases. If partial automatic resetting be provided, the operation 
takes place in two to three seconds at the first failure when A, opens and B, closes. However, 
upon the second failure when B, opens, there is a time delay f commonly about 15 seconds) 
befCMne A. recloses. 
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TEST QUESTIONS 

1. What is a sub-station? 

2. Upon what does the selection of apparatus and gen-' 

eral arrangement of a sub-station depend? 

3. Give a classification of sub-stations. 

4. How should a building be constructed for a sub- 

station? 

5. Draw a sketch showing general arrangement of mo* 

chines and apparatus in a sub-station. 

6. What is an automatic sub-station? 

7. How is an automatic sub-station usually started? 

8. What kind of relay gives the stopping indication? 

9. Give the sequence of the various operations comprising 

the automatic feature of a sub-station. 

10. Describe a control system requiring pilot wires for a 

remotely controlled automatic station. 

1 1 . Describe a control system which does not require a 

pilot wire. 

12. Describe a control system for an entirely automatic 

station. 

13. Make a sketch showing a wiring diagram of a typical 

automatic sub-station. 

14. Explain the operation of all the automatic devices 

shown in the sketch of question 13. 

15. What is a semi-automatic sub-station? 

16. What methods are used in the operation of a semi- 

automatic sub-station? 

17. What automatic devices should be provided for semi- 

automatic stations, and why'’ 
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18 . Give a comparison between automatic and semi-auto- 
matic stations. 


19 . Describe the automatic supervisory equipment. 

20 . Describe the synchronous visual system of supervisory 

control. ' 


21 . How does the code visual type work? 

22 . Explain the audible type. 

23 . Describe the operation of the synchronous selector 

type. 
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CHAPTER 91 

Power Plant Operation 

This chapter relates to the “management” of power plants 
and this term as broadly used here includes: 

1. Selection 4. Testing. 

2. Location. 5. Running. 

3. Erection. 6. Care. 

7. Repair. 

The designer of the plant, specifies or “selects” the machines. An erector 
should install them, but usually this job is left to the man in charge who in 
most small and medium size plants is the chief engineer, who also must run, 
care for and repair the machines. 

Selection. — ^To properly select a machine so that it will prop- 
erly harmonize with the conditions under which it is to operate, 
there are several things to be considered. 


1. Type; 

2. Capacity; 

3. Efficiency; 

4. Construction. 

The type depends upon the system to be used. Thus, ^voltage in most 
cases is fixed except on transformer systems where a choice of wdtage may 
be had by selecting a transformer to suit. 
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In alternating current constant pressure transmission circuits, 
an average voltage of 2,200 volts with step down transformer 
ratios of Vio and V 20 is in general use, and is recommended. 

For long distance, the following average voltages are recommended 

6,000; 11,000; 22,000; 33,000; 44,000; 66,000; 88,00dt 

and higher, depending on the length of the line and degree ol^ economy 
desired. 

In alternating circuits the standard frequencies are 25 and 60 
cycles. These frequencies are already in extensive use and it is 
recommended to adhere to them as closely as possible. 

In fixing the capacity of a machine, careful consideration should be given 
to the conditions of operation both prevent and future in order that the 
resultant efficiency may be maximum. 

Most machines show the best efficiency at or near full load. If the 
load be always constant, as for instance, a pump forcing water to a given 
head, it would be a simple matter to specify the proper size of machine, but 
in nearly all cases, and especially in electrical plants, the load varies widely, 
not only the daily and hourly fluctuations, but the varying demands depend- 
ing on the season oftheyearand growth of the plant ’s business . All of these 
conditions tend to complicate the matter, so that intelligent selection of 
capacity of a machine requires not only calculation but mature judgment, 
which is only obtained by long experience. 

In the application and selection of rotating apparatus the fol- 
lowing suggestions as given by the National Electrical Manu- 
facturers Association should be noted. 

Proper Selection of Apparatus. — Extreme care should be used 
in the proper selection of apparatus in order that satisfactory 
operation and good service will result. 

Where the apparatus is subjected to unusual risk, the engineering depart- 
ment of the manufacturer should be consulted; especially wl^re the appa- 
ratus is used under the following conditions: 1. exposed to add fumes; 2, 
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operated in damp places; 3, where an exceedingly high speed is required; 4, 
exposed to flour dust; 5, exposed to gritty dust; 6, exposed to steam; 7, oper- 
ated in poorly ventilated rooms; 8, operated in pits, or where entirely 
enclosed in boxes; 9, where the maximum operating temperature of the 
apparatus exceeds 90® C . 

Contrary to general belief a synchronous motor will not 
exert its maximum power factor correction w'hen operating as 
a 83mchronous condenser, but will do so when carrying me- 
chanical load at leading power factor. 

The characteristic curve shown in fig. 4,807 is from a self-excited syn- 
chronous motor. It will be seen from the diagram, that this motor will cor- 
rect poor power factor conditions and at the same time carry the load of a 
nmilarly rated general purpose induction motor. 

In general, the amount of power factor correction which a 
synchronous motor exerts may be varied at will, within the 
design limits of the motor, by varying its field excitation. 

Synchronous motors evidently furnish the ideal means to 
boost low, lagging power factor, particularly because they may 
be employed as power motors and at the same time correct 
poor power factor conditions. 


Uset of Single Phone Motors 


Type 



Adaptation 

Split 

phase 

1/20 
to } i 

Constant 

Used upon ordinary lighting circuits to 
drive novelties, sign flashers, washing ma- 
chines — ordinary torque. 

Repulsion- 

induction 

Hto 
10 k.p. 

Constant 

Used upon ordinary lighting circuits. Ap- 
plicable to machines requiring high startup 
torque and where low starting current is 
desired. Pumps, compressors, etc. 
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I7«ef of PolyphoMe Motors 


Type 

Power 

Speed 

Adaptation 

Squirrel 

cage 

Hto 
50 k.p. 

Constant 

Light group and individual drivra requiring 
constant speed. No sliding eleo^c^ coo- 
tacts. Used in textile^mills, etc.l where in- 
flammable dust or gases are encountered. 

Wound 

rotor 

Hto 
50 k.p. 

Constant 

Used with large group or individil^ drives 
requiring high starting torque and low start- 
ing current Used on heavy planers, plunger 
pumps, applications using flywheels, etc. 

Wound 

rot<»r 

Hto 
50 k.p. 

Varying 

By means of secondary control, 50% speed 
variation. Used on pumps, ccanpressors, 
fans, etc. Same motor as us^ for constant 
speed. Varying speed obtained by second- 
ary control. 


4001 
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Pig. 4»806. — Speed torque charactemiics of Ideal 25 k.p., 440 volt, 3 phaae, 1»BQ0 r.pjm. 
getiend piirpoee type, eelf eicited synchronoua motor. T^is motor ttarU at an ordinary 
aqoinai cage motor with torque characteriatiea timHar to the high toroue tqutirel estft 
motor, in smnmrat it is not recommended that the motor be ttafted on, full line vottaga* 
Manual ataiting can be accomplithed by meana of the ordinary reduced voltage type ol 
oompentatCMT oaed for atarting induction motors. For remote oaotrol the automatic OOBOh 
penaator may be tiaed with push button atationa. After the motor attaiaa appradteala 
qynchroooiia speed it automatically becomea a aell^ascited ayrnduonoua motor. Bast ra*^ 
aolta are umatty obtaiaad with apfradmatdy 90% Itadiny power factor at lull UmL 
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Synchronous Motors for Power and Power Factor Correc- 
tion. — It may be stated that the crowning feature of syn- 
chronous motors is their two fold use. Tliey deliver, at con- 
stant speed, mechanical power and simultaneously improve bad 
power factor conditions. Though ordered as power motors to 
operate at unity power factor only, still in addition they may 
be called upon to exert their beneficial tendency on systems 
where low power factor prevails. 


S 



hio 

o§ 





90 80 70 60 90 

PER CENT POWER FACTOR 


Fio, 4»806. — Curves showing losses for various power factors. Owing to the undue increase 
in power and line equipment necessitated by consumers operating at low, lagging power, 
lector, it is obvious why central stations and power companies have taken a very imfriendly 
attitu^ toward consumers who operate at low, lagging power factor, and the increased 
tendency prevails to penalize such consumers by imposing a heavier power rate. At the 
present time some power companies are giving a bonus or rebate to consumers who use 
«ynchr<mou8 motors and therefore operate at a high power factor, because as is apparent 
from the above, this operation has a direct bearing on the economy of the central station. 


Any electrical system furnishing power supplies current at a certain 
rated voltage, and the power consumed is proportional to the product of 
both. A system supplying alternating current is maintaining current at 
a certain power factor. This means that only part of the current is 
ducing power while the balance is furnished as wattless current,^ whidi 
must be maintained for the operation of certain motors and equ^sment 
feeding from the supply. Onlv the watt emrent ixoduces useful vreark. 
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The wattless current on the other hand requires the same attentkm and 
equipment in alternators, transfmmers, lines, etc., as* does the watt cur- 
rent and produces the same losses in liiis equipment as does 
power current. The curves in fig. 4,806 show these losses 
power faictor fidls off, which actually means very much 
both inside and outside the coruumer’s jdant. In other words, 
the user but also the central station supplying the power 
the equipment of alternators, transformers, lines, feeders, etc., to 
of these losses. 



f^. 4,807 . — Powtr factor curves of Ideal aeU-ezcited synchronous motor and squirrel caga 
motor both rated at .25 h.p., 440 volts, 3 phase, 60 cycle, 1,800 s.r,p,m. it ahouid 6s 
notad that with the windings provided for 90% leading power factor at full load, the power 
factor at 80% load is 80 % p,f. leading at 60 % load, 65 % p,f, leading, etc. When the motor 
is loaded to approximately 150% of full load the power factor is unity. The shaded area 
represents the leading kva. that this motor is capable of developing over the load range 
mown. During the starting period no excessive currents are carried in the auxiliary direct 
current winding of the armature; therefore, there is no possibility of dama^g this winding. 
All heavy seocmdary starting currents are localized in the squirrel cage winding of the pole 
Ihoes. No secondary resistance is required as the motor starts as an ordinary squirrel cags 
induction motor. As soon as syndironous operation ie attained the pull out or break down 
torque is ai^iroximately 200 to 225% of full load torque, depending upon the field adjust* 
anent. This type ssmcdironous motor is adapted for driving all kinds of machinery which 
require relatively high speed motors such as centrifugal pumps, line shafts, etc. Sofhdent 
starting torque is available to start any load which a normal squirrel cage induction motor 
will start. 



Applicatkm of ^‘General Purpose** Motinrs. — ^AU perfofrmance 
guarantees given relate to the normal 40° C. rating and remain 
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unchanged when the pennissible loading indicated by the s^vice 
factor is utilized. 

Pwformance guarantees of nKnnentary overloads, starting and pull out 
torque are all given as a percentage of the normal 40 ° C . rating, tlim bdng 
no change in ^ basic design of the motor or the pounds starting and poll 
out torque by the use of the convaitional service factor. 

In general, slight differences in efficiencies and power factors may be 
expected at die permissible loading indicated by the service factor. 

The normal 40" C. general purpose motcM* is designed for omtinuoue 
duty, 100% loading, an ambient temperature not exceed^ 40"C., an allow* 
able variation frcan rated frequency of 5% or a ccanbined variation of volt- 
age and frequency not «cceecDng 10%. When authorized by the manu&c- 
turer, such a motor operated at its rated voltage (and rat^ frequent^ in 
the case of alternating current motors) will carry continuously 1.15 times 
its rated load. This foctor of 1.15 shall be known as a service factor. 

Usual Service Ckmditions for General Purpose Motors. — 

General purpose motxM*s are designed to give successful opera* 
tkm at rated load under the following service conditions defined 
as usual: 

1. An amlaent temperature not exceeding 40" C . 

2. A variation in voltage of not more than 10% above or below the nanm 
{date rating. 

3. A variatkm in frequency of not more than 5% above or bdk>w tbt 
name plate rating. 

4. A combined variation of voltage and frequency of not more than 10% 
above or below the name plate rating, providing the frequency do not 
exceed 5% vruriation. 

5. An altitude not exceeding 1,000 meters (3,300 ft.). 

6. Location or atmosphere conditions as to dust, moisture or fumes 
• whidi will not seriously interfere with the ventilation of the motor. 

7. S(did mounting and all belt drives and gearing in acoadance with rules. 

In general, the service conditions to which such motors are subjected are 

unamtrolled and not subject to exact determination, and the bads of rating 
chosen jnovides a facto of safety of 10" C . temperature rise. 

Sffecte of Variation of Vrdtage and Frequ^ey uptm the P^- 
formance of Inductton Motors.— Induction motors ate at times 
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operated on circuits of different voltage or frequency from that 
for which the motors are rated. Under such conditions, ^e per- 
formance of the motor will vary from the standard ratii^. The 
following is a brief statement of some operating results Wused 
by small variations of voltage and frequency, and is indicative 
of the general character of changes produced by such varljations 
in operating conditions: \ 

1 . Voltage variations of 10% on power circuits are allowed in most com- 
mission rules. However, changing the voltage applied to an induction 
motor has the effect of changing its proper rating as far as power factor and 
efficiency are concerned, in proportion to the square of the applied voltage. 

Thus a 5 h,p. motor, operated at 10% above the rated voltage, would have characteristics 
proper for a 6 h.p. motor (6.05 h.p. to be exact) and at 10% below the rated voltage, those 
of a 4 h.p. motor (more exactly 4.05 h,p.) . It is of course obvious that if the rating of a motor 
were greatly increased in this way, the safe heating would frequently be exceeded. 

2. In a motor of nonnal characteristics at full rated horse power load, a 
10% increase of voltage above that given on the name plate would usually 
result in a slight improvement in efficiency and a decided lowering in power 
factor. A 10% decrease of voltage below that given on the name plate 
would usually give a slight decrease of efficiency and an increase in power 
factor. 

3. The starting and pull out torque will be proportional to the square of 
the voltage applied. With a 10% increase or decrease in voltage from that 
given on the name plate, the heating at rated hoise power load will not 
occeed safe limits when operating in ambient temperatures of 40 * C . , or less, 
although the usual guaranteed rise may be exce^ed. 

4. An increase of 10% in voltage will result in a decrease of slip of about 
17% while a reduction of 10% will increase the slip about 21%. 

5. Higher than rated frequency usually improves the power factor, but 
decreases starting torque, and increases the speed, friction and winda^. 
At lower than rated frequency, the sp^ is, of course, decreased; starting 
torque is increased; and power factor slightly decreased. For certain kinds 
of motor load, such as in textile mills, close frequency regulation is essaitial. 

6. If variations in both voltage and frequency occur simultaneously, the 
effects will be superimposed . Thus if the voltage be high and the frequency 
low, the starting torque will be very greatly increased, but the power factor 
win be decreased and the temperature rise increased with normal load. 
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The foregoing facts apply particularly to general purpose motors. They 
may not always be true in connection with special motors built for a par- 
ticular purpose, or as applied to very small motors. 

Definitions 

Ambient temperature.— The temperature of the air or water which, 
coming into contact with the heated parts of a machine, carries off tl^ 
heat. The standard ambient temperature of reference when the cooling 
medium is air, shall be-40® C. 



Fig. 4,808.— Torque characteristics of Ideal 25 k.p. double squirrel cage induction luoto. 
The gain in cfTiciency of this type of motor over the standard squirrel cage motor is am 
to the fact that the inner squbrel cage winding is made of very low resistant and 

the rotor loss at full speed, full load reduces to an almost negligible value. In to old type 
of -inolor it was necessary to have considerable rotor resistance and therefore heavy rotor 
losses in order to gain sufficient starting torque. 

Brush dimensions ^ — The length of a brush is the maxunum dimen^on 
in the direction in which the brush feeds to the commutator or collector rii^. 
The thickness of a brush is the dimension at rigjit angles to the le^b in the 
direction of rotation. The width of a brush is the dimension at rii^t angles 
to the length and to the direction of rotation. 

Conducting parts. — ^Those which are designed to cany current or 
which are conductively connected therewith. 
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Ck>nn»etion diagram. — diagram drawing the rdations and connee* 
dons of devices atid apparatus of a circuit or group of circuits . , 

Contact. — A surface common to two conducting parts, united by i»«s- 
sure for the purpose of carrying current. 

Continuous duty. — requirement of service which demands\operatioa 
at substantially constant load for an unlimited period. 

Enclosed machine. — ^A machine whidi is so comjdetely endosed by 
integral or auxiliary covers as to practically prevent the circulation of ak 
through its interim*. Sudi a machine is not necessarily air tight. 

Grounded parts. — ^Those parts of apparatus cmmected to ground or 
wfaidi may be considered to have the same potential as the earth. 

Insulating bushing. — ^A bushing which insulates a through conductor 
fiom the mataial through which the conduedH* passes. 

Intermittent duty. — ^A requirement of operatran or service consisting 

alternate periods of load and rest so apportioned and r^rulated tlmt the 
temperature rise at no time exceeds that specified for the particular class ci 
apparatus under cemsideration. 

Leads. — Insulated conductorB. flexible or solid, fumisbed connected to a 
device or piece of apparatus. 

Open rrutehine. — A machine of either the pedestal bearing or end 
faiadcet type, with no restriction as to ventilation other than that imposed 
by good mechanical construction. 

Periodic duty. — ^A requirement of service which demands operation for 
altemate periods of load and rest in which the load conditions are well 
defined and recurrent as to magnitude, duration and character. 

Protected machine. — ^A machine in which the armature, field cxiUs and 
other live parts are i^tected mechanically frean accidental or cartiess 0Qti> 
tact, vdiile firee ventilaticm is not materiidly obstructed. 

Bating. — ^A rating of a machine, apparatus or device, is an azititrary 
des^nation of an operating limit. 

Semi-enclosed machine. — ^A machine in ahich the ^tilating open* 
lags in the fernne are protected with wire screen, expanded nratid, or per- 
lorated covers, the openings in which must not exceed sq. in. in area and 
must be <Mf such shape as not to permit the passage of a rod larger tiban^ in. 
In diameter. 
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Varying duty, — A reqtairemeDt of operation or service in the 
^qaratus is called up^ to run at loads, and for periods of time, whidi may 
be subject to wide variation, but which are in no case sufficient to cause the 
maximum temperature rating to be exceeded. In no instance shall the 
no load losses be sufficient to cause the maximum temperature rating to be 
exceeded in any part under no load continuous operation. 

Weatherproof apparatus . — ^Apparatus so constructed or protected 
that exposure to the weather will not interfere with its successful operation. 

Connections and Markings of Terminids. — The purpose of 
applying markings to the terminals of electric power apparatus 
according to a standard is to aid in making up connections to 
other parts of the electric power system and to avoid improper 
connections which may result in unsatisfactory operation or 
damage. 

The markings are placed on, or directly adjacent to terminah 
to which connections must be made from outside circuits or 
from auxiliary devices which must be disconnected for ship> 
ment. They are not intended to be used for internal machine 
connections. 

The markings consist of a capital letto* of the alphabet followed 1^ a 
subscript numeral (Arabic) . The letter indicates the character or function 
of the winding which is brought to the terminal. 

A terminal letter followed by the subscript numeral “0" designates a 
neutral connection. Thus To would be applied to the terminal on the con* 
necticKt bam the neutral point of a stator winding. 

The subscript numerals 1, 2, 3, etc., indicate the order of the i^iase sue* 
OMsion fm* standard direction of rotation. This standard direction of rota* 
tion for altemators and synchronous motors is clockwise when facing the 
end of the machine opposite the drive. 

It is customary to ocmnect up the coil windings and place the o^Oector 
rings on this end. 

In a syhehremom converter the sequence of the subscript numerals 1, Z, 
3 am^ed to the coDector ring leads Mi, Mt. M* indicates that when the 
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collector ring leads are connected to correspondingly numbered terminals of 
a three phase alternator, the standard rotation of ^ alternator ^clockwise 
facing the end opposite the drive) will cause the direction of rotatnn, which 
is clockwise when viewing the direct current or commutator endl 
On single phase transformers the subscript numerals indicate the polarity 
relation between terminals on primary and on secondary windings. Thus, 
during that part of the alternating current cycle when high tensionkerminal 
Hi, is positive ( +) with respect to H«, in the same part of the cycle the low 
toision terminal Xi, is positive with respect to Xi, The idea is furfcer car- 
ried out in single phase transformers having tapped windings, by so ajpplying 






Fios. 4,809 to 4,812. — Connectioiui and terminal markings for alternators and synchroaMM 
motors according to N. E. M. A. standard. Fig. 4,809, single phase; fig. 4,810, two phase; 
fig. 4,811, three phase; fig. 4,812, three phase with neutral connections brought out. Stand- 
ard phase and rotor rotation clockwise, facing the ^d opposite the drive. 

to the taps the subscript numerals 1, 2, 3, 4, 5, etc,, that the voltage 
gradient follows the sequence of the subscript numerals. In the case of 
pdyphase transformers, the terminal subscript numerals are so applied that 
U the phase sequence of voltage on the high voltage side is in the time cvder 
Hi, H», Hi, etc., it is in the time caxler Xi, Xi, Xi, etc., an the voltage side, 
and also in the time order Yi, Yi, Yi, etc., if there be a tertiary winding. 

Botor and Phase Rotation.-— Alternators driven counter 
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clockwise (clockwise is standard) will alternate without change 
in connections, but the phases will follow the sequence of 3, 2, 1 , 
instead of sequence, 1, 2, 3, etc. Synchronous motors, syn- 
dironous condensers, induction motors and synchronous con- 
verters may be operated with reversed rotation by so transpos- 
ing connections that the phase sequence of the polyphase supply 
is applied to the terminals in reversed order for example 3, 2, 1. 

With synchronous converters, the practice of alternating current starting 
eliminates residual magnetism as the factor determining the direct ciurent 
polarity. Proper polarity for connection to other apparatus is, therefore, 
secured either by separate excitation of the field, or by special manipulation 
of a switch which permits the converter to reverse its direct current polarity, 
thus correcting a start with wrong polarity. 

If a synchronous converter is to be operated with reversed directum of 
rotation (counter clockwise viewing the machine from the commutator end) 
it is necessary to make a transposition of the armature leads, or a transpo* 
sition of the field leads, besides transposing the alternating current terminal 
ooimecticms as in the case of a dynamo. 

Rating of Alternators. — ^These machines are rated at the l(»d 
they are capable of carrying continuously without exceeding 
their temperature guarantees. The rating shall be expressed in 
kea. available at the terminals at .8 power factor. The cor- 
responding kilowatts should also be stated. 

Standard voltages are 240, 480, 600 and 2,400 and standard frequendes 
are 25 and 60 cycles per second. The standard excitation voltage for fieW 
windings shall be 125 volts d.c. Standard general purpose altematcus shall 
operate successfully at power factors at least as low as .8. 

Vintage Taps of Transformers. — ^Standard distribution trans- 
formers, sizes 200 kva. and smaller, wound for voltages below 
the 6,600 volt class are not provided with taps. 

NDTE.«-~0Viiamo» with connections properly made up for standard rotation (clockwiae) 
will not function if driven counter clockwise as any small current delivered by the armature 
tends to demagnetize the fields and thus p^'events the armature delivering current* If the 
ootidittona call for reversed rotations connect iomi should be made up with either the armature 
leads transposed or the field leads transposed. 
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SUBTRACTIVE POLARITY ADDITIVC POLARITY 



Fiob. 4.813 to 4.818.— marking*: tingl* phast transformen. A and B, airapto hl|di 
low windings without taps; C and D, simple high and low voltage wtodings* with 

taps; C« series parallel low voltage winding without taps; F» series p a r al l e l low voltegs 
winding, with tapa. The leada are marked. 


NOTE.— rrwMformcr name plate marking.— Ml tranaformer name plataa indudh M 
a ndnimum the foUowing infatmation: 1. aerial number. 2. tn*e; 3, number of phaM; 4. am 
and time rating; 5, voltage rating; 6* fi^nencF; 7# tempenitiifa rise; 8p poiaritjr flor ei np e 
phase transloi^ers) 
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Standard dngle i^iase distributkai transformers 200 kta. and smaller of 
the 6,600 volt dass or for higher voltages are provided with taps in the hi|dt 
vdtage winding for apinoximately 5 and 10% voltage variati<m. 


Standard single phase distribution transfcamers, sizes above 200 km. are 
provided with taps in the hie^ voltage winding itx 10% voltage vaiiatfon 
in steps of approximatdy 2^%. 



X,X* 


Standard three phase 
distribution transfinmeri 
above 200 km. wound for 
voltages below the 6,600 
volt class, are provided 
with tape in the high volt- 
age winding for approx- 
imately 5 and 10 per cent 
voltage variatkxa. 

Standard three 
distribution transformers 
of the 6,600 volt class and 
above are provided with 
taps in the high vdtage 
winding for approximatdy 
5 and 10 per cent voltage 
variation. 

The low voltage wind- 
ings of distributicm trans- 
formers of standard volt- 
age ratings are twt pro- 
vided with taps. 


Wta. 4.S19.— Oomwctiaas for •ingle phaM transfonnen in 
of aidditive polarity, aubtractive polarity. 

polarity. 


paraBal ittuatntlng hook op tar 
and additivo and aobtracflhia 
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Installatioii. — The placement of machines and apparatus in 
an electrical station is a task which increases in difficulty with 
the size of the plant. When the parts are small and compara- 
tively light they may readily be placed in position, eimer by 
hand, by erecting temporary supports which may be moved 
from place to place as desired, or by rolling the parts alpng on 
the floor upon pieces of iron pipe. If, however, the parts be 



4.820. — Cross section of electrical station showing small traveling crane. 

arge and heavy, a traveling crane such as shown in fig. 4,^1. 
)ecomes necessary. 

Care should be taken not to injure the bearings and shafts, 
he joints in magnetic circuits such as those between frame and 
ole pieces, and the windings on the field and armature. 

The insulations of the windings are perhaps the most vital parts of a 
generator, and the most readily injured. The i»ick of a pin or tack, a 
bruise, or a bending of the wires by resting their weight upon them or by 
their coming in contact with some hard substance, will often render a field 
coil or an armature useless. 
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Owing to its costly construction, it is advisable when tranqx>rting 
armatures by means of cranes to use a wooden spreader, to prevent the 
supporting rope bruising the winding. 


When the annature cannot be placed at once in its final 
position, it may be laid temporarily upon the floc«r, if a sheet of 
cardboard or cloth be placed tmdemeath the annature as a 



Fio. 4,821.— Crow wctioo of electrical station showing a traveling crane for the installation 
orremo^ of large and heavy machine parts. The track upon which the crane Moves is not 
support^ by the walls of the building, but resU upon beams specially provided fw the 
purpose. In addition to the hwisontal motion thus obtained, another borisontal motion at 
ri^t angles to the former is afforded by means of the carriage which, beu« also Mounted 
on wheeU. runs upon a track on the top of the beam. In the larger sises of electric traveling 
crane, a cage is attached to the beam for the operator, who, by means of three oontroHeis 
mounted in the cage, can move a load on either the main or auaiUary hoist in any direction. 


protection for the windings; in case the armature is not to be 
for some time, it is better practice to place it in a horizontal 
portion on two wooden supports near the shaft ends. 

For belt driven machines the base should be provided with 
V ways and adjusting screws for moving the machine horiaon^ 
tally to take up slack in the belt, ^s shown in fig, 4,8^. 
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Owing to the nonnal ten»on on the belt, there is a moment exerted equal 
in amount to the distance £rom the center of gravity of the madmw to the 
center of the belt, multiplied by the effective pull on the belt. '1^ force 
tends to turn the machine about its center of gravity. By pMdng the 
screws as shown, any turning moment, as just mentimied, is prevbi^. 



rse. 4^822.— Flan of bdt driven machine showing V ways and adjusting icrewt for tnovlag thi 
forward from the engine or counter shaft to take up slack in the belt* 

How to Use Belt Speed Table. — In order to facilitate the cal- 
culation of belt speed in feet per minute, when ttie correspond- 
ing nsotor speed and pulley diameter is known, the table on the 
following page will be of assistance. 

Example.— AsBwne the full load ^peed of a motor, having a pulley sdKwe 
^Sameter is 11 inches, to be 1,750 r.p.m. what is the cwrespomiing bdt 
opted? 

Solutfon.— On the 1,750 r.p.m. line in the table read the ffgure cone- 
qxmding to a pulley diameter of 11 ins. which is 5,040. In other wmrds, wlm 
an 11 indi diameter pulley rotates at 1,750 revolutions per ndnute, a belt on 
this pulley travels at a speed of 5,040 feet per minute. In a dmQar manna: 
bdt q?eed of motors whose r.p.m. and pi^y diameters are given in llie 
table, nwy be ]«ad directly without calculation. 
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Table f-BeKSpeedi 



The above table is based on the formula: 


Belt tpeed in feet per minute * 

S.HldXpuIley diameter in inchesXrpm 
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The length of belts is found by various methods such as: 

1. Direct measurement 

2. Calculation 

3. Scale 

Direct Measurement. — ^This is the simplest and undoubtedly 
the safest method as well. A steel tape carefully adjusted over 
the pulley crowns will give the length of belting required. To 
this riiould be added a reasonable amount of material for joint- 
ing as required in each individual case. 

Calculation. — The calculation method is useful in locations 
where a direct measurement cannot readily be obtained. In 
many instances it may be necessary to obtain the length of bdt- 
ing from blue prints where only shaft center distances and pulley 
diameters are given. This as a matter of fact, is most often the 
case especially on new constructions, where the entire plant 
machinery is laid out on drawings according to a carefitlly 
engineered plan. 

In belting up such a plant it is imperative that the millwright 
has the knowledge necessary to intelligently cut and assemt^ 
belts without undue waste of material. 

Generally, belts may be divided into two groups: 

1. Belts driving their connectiitg pulleys in the some’directiou w OjMrii 

Belte. 

2. Belts driving their connecting pulleys in the opposite directioa or 

Crooeed Belie, 

Formula for Xength of Crossed Belts. — With reference to 
fig. 1 the exact length (L) of a Crossed belt may be written 
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L=(ir+^X^) (R+r)+2xCcos .(1) 

Where R == radius of the larger pulley 
r= radius of the smaller pulley 
C= distance between shaft centers 

R 1 r 

^»angle whose sine is ■ 

Although this formula is found in most handbooks in one 
fcwtn or another, it should perhaps not be used unless the reader 
dearly understands its derivation. 






1.— Diagram for calculation of length of a croesed belt. 

The length of the belt with reference to the illustration is simply found 
by adding up the various elements involved. Thus, starting with the largu 
»f the two pulleys, the length of pulley arc indicated by angle ^ » 

but inasmuch as there are two such elements their combuied 
360 

lengths are 

In a similar manner the arcs on the smaller pulley are obtained at 
4 «t 

360 ^ ** 
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To the four arcs should finally be adcfed twice the distance EF, and ibali 
the circumference of each pulley. 

The length (L) of the belt is hence 

after re-arrangement of terms becomes \ 


L 




-1-2 C cos ^ as prevfoudy written. 


If the radius of the pulleys be substituted for thdr diameters respecthrdy 
the formula becomes 


'(’"■*' w) (^)+2Ccos « ..(?) 


A someadiat simple., formula giving the approximate length (L) of n 
crossed belt is — 

I.-j(D+d)+2-^C>+(^). W 

Example . — If in a cross belt transmission drive the pulley shaft distance 
be 10 ft. and the pulley diameters are 54 ins. and 9 ins. what length of belt 
diould be used? 


Solution . — Inserting values in formula (2) and remembering that dm 

anfi^e ^ fig. 1 is that angle whose tune is d*® si® <“0.2625* 

frtm a table of natural sines and cosines th» wnespoodvag angle ^ is 15 JS 
de^ees. 

Substituting numerical values, 

L-^3.14-f-0.035xl5.2^ 4-2x10X0.9650 

from which L <“28.93 ft., say 29 ft. 
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Formiila for Length of Open Belts. — Contrary to the case of a 
crossed belt, the exact len^ of an open belt is scnnewhat diffi- 
cult to obtain; however, an approximate formula in which the 
errors do not exceed practical limitations is derived frmn fig. 2. 

If the length between the pulley centers (C) be given, and the pulley 
diameter be respectively (D) and (d), then the length of the bdt is — 

L-|(D+d)+2-^c»+(2^y. m 



Example . — ^The shaft center distance between two pulleys in an open 
belt drive is 12 ft. If the pulley diameters are 4 ft. and 1 ft. respectively 
what is the length of belting required? 

Solution . — Substituting values in formula (4) 


L«I(4+1)+2v' 12*+1.5» or 

2p 

L-~+2V146.25 »7A54+2X12.1 -32.064 ft., say 32 ft. 
2 
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Scale Method.-— This method consists of laying out the 
pulley set at their proper distance apart, either full size or in a 
suitable scale and measure the length of the side of the belt, 
assuming the belt to envelop one half the circumference pf each 
pulley, and to add to this, one half the circumference of each 
pulley. \ 

\ 

Length of Belts for Equal Size Pulleys. — ^When the pulleys 
are of the same diameter, or nearly so, the length of an open 
belt may be obtained as follows: 

Add together in inches the diameter of the two pulleys, then 
divide the result by 2; now', multiply the quotient by (ic) or 
3.14. Finally add in inches twice the distance between the 
pulley centers. 

If this be written algebraically, we have 

( 5 ) 

where 

L == length of belt in inches 
D = Diameter of the larger pulley in inches 
d== Diameter of the smaller pulley in inches 
C» Distance between pulley shaft centers in inches. 

JFxampJe.— How many feet of belting is necessary to connect two pulleys 
of 28 and 21 inches diameter respectively, when their shaft center (Stance 
is 18 ft. 6 ins.? 

Solution.—By employing the previously enumerated rule or fomsula^ 
L « X 12 X 18.5 = 520.93 inches or 43 ft. 5 to*. 
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Belt Tension and Horse Power. — ^Wilh reference to fig . 3 
the power transmitted from one pulley to the other is directly 
proportional to the difference in tension (Ti-Ta) and the speed 
of the belt. 



If (T1-T2) be measured in pounds and the belt speed (V) in 
ft. per minute, the horse power (h.p.) transmitted may be 
written: 


„r> _(T,-T,)V 

jni tir • *** ^ ^ M ' 

33,000 


but since the speed V<=jrXDxN it follows that 


where 


HP _ (Ti-T;)irXDxN 

■ ‘ 33.006 

D= pulley diameter in feet 
N ==revolution per min. of pulley shaft 
ir*3.1416 


( 1 ) 


( 2 ) 
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Example . — The full load speed of a motor having a 9 in. diameter pulley 
is 850 T.p.m. If the high and low tension pulls are 150 lbs. and 30 Ibp. what 
is the horse power transmitted to the belt? 


8bfutton.— Substituting numerical values in the formula th^ horse 
power — 


HP _(150-30)irX9/12x850 
■ ■” 33,000 


7.28, say 7M H.P. 




The customary method of expressing the amount of slack side tension 
(T») necessary for a successful drive is in the form of a ratio commonly called 
the tension ratio. This ratio is written Ti/Ti and usually varies over rather 
large limits, depending upon pulley diameter ratios, center distances, pulley 
gripping quality, type of belting employed, etc. 


Millwright* 8 Rules for Beterminstioii of Belt Sizes.— For a 
given condition the minimum belt width is determined by the 
horse power to be transmitted, and the speed of the belt. 

The millwright’s rules are as follows: 

Rule 1 . — single belt 1 in. wide, running at 800 ft. per min. will deliver 
approximately 1 horse power (up to about 4000 r.p.m.). 

Rule U . — A double belt 1 in. wide, running at 500 ft. per min. will de* 
liver approximately 1 horse power (up to about 4000 r.p.m,). 

These rules will give wide margins of safety in ordinary power transmk* 
rion when the speed of the belt does not exceed 4000 ft. per min. Above this 
the centrifugal effects due to the belt weight begin to be rather appre* 
ciaibie and should therefore be included. 


For heavy transmissbn and speed exceeding 4000 ft. per min. the above 
rules should be checked with the manufacturers’ recommendation. 

As it is more convenient for calculatbn purposes to expme rules in 
algebrab forms, thus for single belts, 

Bw-SM 


.( 3 ) 
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wliepCy 

Bw"»Belt width in inches 
V “Belt speed in ft. per minuta 
HP. “Horse power transmitted 
Similarly lot double belts, 

B„.H,P.X500 


.(« 



Fto..4.— lUostnitcs a belt trantnutting one hone power. In the figure the tension in the tii^ 
side ot the belt is 34 pounds and in the loose side 1 pound. The driving force is therefore “ 
S4-1 “ 33 lbs. Since the belt is traveling at a velodtjr of 1,000 ft. per min. the power ttanH 
aitted “ 33 lbs. X 1.000 ft. “ 33,000 pound-feet “ 1 hone power. 


Operation of Alteinatoi^.----The operation of an alteniator 
when run ^ngly differs but little from that of a dynamo. 

As to the jxdiminaiies, the exciter must first be started. 'Hfis is dwo 
in the same way as for any shunt dynamo. At first only a small curceot 
tdxmld be sent through the fidd winding of the alternator; then, if the 
exdter operate satisfactorily and the fidd magnetism of the (^>ecat(H: show 
Up wdl, the load may gradually be thrown on tmtil the noni^ current ia 
carried, the same meth^ bdng Mowed as in the case of a dynamo. 

On loading an alternator, a noticeable drop in -voltage occurs 
across its terminals. This drop in voltage is caused in part by 



2,832 


Power Plant Practice 


the demagnetization of the field magnets due to the armature 
current, and so depends in a measure upon the position and 
form of the pole pieces as well as upon those of the teethl in the 
armature core. The resistance of the armature winding also 
causes a drop in voltage under an increase of load. 

Another cause which may be mentioned is the inductance of the anipture 
winding, which is in turn due to the positions of the armature coils with 
respect to each other and also with respect to the field magnets. 

Alternators in Parallel. — When the load on a station in- 
creases beyond that which can conveniently be carried by one 
alternator, it becomes necessary to connect other alternators in 



Fig, 4*S34 — ^Step splice for a rubber belt. For belts larger than 12 inches the step splice here 
shown is recommended. A lap joint is formed having three steps, three or four inches being 
allowed for each ply of duck. Care should be taken not to cut into the ply below when form- 
ing a step. A good quality of rubber cement should be applied to the prepared surface. Three 
coats should be used , each coat being allowed to dry before the next one is applied. The ei)4^ 
of the belt may then be firmly pressed together. The joint thus formed is reinforced either by 
means of sewing it with a light leather lacing or by inserting small copper rivets. When rivets 
are used, they should be placed about IH inches apart and the rows sliould be staggeted. 


NOTE,— Faro Wcl operation of aliernatore ^ — ^To operate alternators in parallel, the ma- 
chines must have: 1, same rated voltage; 2, same frequency and 3, similar characteristics. 
It is not necessary that the machines have the same output capacity. It is, however^ of prime 
importance that the driving engine governors have the same characteristics. Even though 
the alternators be identical, division of the load ]r>etween them will depend entirely upon the 
steam supply to each. The machine getting most steam will deliver the most load, the load 
of each will be proportional to the steam supplied to it. 

NOTE . — Parallel operation of alternatore , — The machines must be connected to give 
the same phase rotation . At the instant of cutting in» the phases of both machines must be the 
same, that is, in unison. 
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parallel with it. To properly switch in a new machine in 
parallel with one already in operation and carrying load , requires 
a complete knowledge of the situation on the part of the at- 
tendant, and also some experience. 

There are several methods of synchronizing or bringing the 
alternators in phase, as by the 

1. One dark lamp method; 

2. Two dark lamp method. 




Fio. 4,835. — ^SynchroDiztngi on* dark lamp mtthod. Assuming A, to be in operation, B, may be 
brought up to approximately the proper siJeed. and voltage. Then if B, be run a litw 
slower or faster than A, the synchronising lamp will glow for one moment and be dark to 
next. When the lamp remains dark the machines are in synchronism and switch may be 
thrown in. 


Pig, 4,836,— Synchronixing. two dark lamp method. When tbe maclunes are m phase there 
will be no difference of pwressure between the left hand terminals or between the right nano 
terminals of the two machines. Hence, if the synchronizing lamps be connected as shown, 
bo^ will be dark, and the switch may be thrown in connecting the machines m peraiiei. 


3. Brilliant lamp method, or 

4. By use of synchronism indicator. 

These methods are given in the accompanying illustrations. 
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The ccamections for operating alternators in parallel are shown in fig. 
4,^. In the illustraticHi the alternator A, is in operation and is staying 
current to the bus bars. The alternator B, is at rest. Thenudnpdeswitdi 
B', by means of which this machme can be connected into drcuit is i 
open. 

Now, if the load increase to such extent as to require the serviceW the 
seocaxl alternator B, it must be switched in parallel with A. In ord^ that 
both machines may operate properly in parallel, three aaiditions mf|st be 
satined before they are connected togetto, or else the one alternator will 
be short circuited throuflh the other, aixl serious results will undoubtedly 
fcdlow. 

Accordingly before closing main switch B, it is necessary that 

1. The firequendes of both machines be the same; 

2. The madiines must be in synchronism; 

3. The vdtages must be the same. 

The frequencies are made the same by speeding up the al- 
ternator to be cut in, or changing the speed of both until 
frequency of both machines is the same. 

In synchronizing by the one dark lamp method, it is advisable 
to dose the switch when the machines are approaching syn- 
chronism rather than when they are receding from it, that is to 
say; the instant the lamp becmnes dark. 

An objection to the one dark lamp method is that the filament of the lanq) 
may break, and cause darkness, or the lamp may be dark with ccmsiderat^ 
vdtage as it takes over 20 volts to cause a 100 volt lamp to g^w. 


NOTE* — To 9tort two oitmrnatora oirntdionmotuliji^Afttr tMTinging each of them up 
to ita proper speed so as to obtain equal frequendet, the main switches may be ciosed» thereby 
their armature circuits in parallel. As yet, however, their respective field windinfs 
have not been eupf^ied with current, eo that no harm can result in doing this. The eactters 
of thm after being joined in parallel, should then be made to send d.r. eimultene* 

eusly through the field windings of Uie alterxiators, and from this stage on the directions pie* 
viottsly given may fdlowed in detail. 

NOTE. — AUmrnmtwm drivon bp pas ongirwm should have amoriisteur windings to ooun* 
taract the tendency to kmUing when run in parallel. This counteraction is due to the fed 
ttat any eudden cluii]«e in the speed of the field, generates a current In the amortissem windhif 
srhleh le e ist e the diange of velocify that caused the cuneut. 
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The voltage of an incoming machine may be adjusted so that it will be 
the same as the (me already in operatkm, by varyiiq: the fidd exdtatkm 
with a rheostat in the alternator field circuit. 

In synchronizing three i^se alternators, three lamps are necessary only 
to insure that the ccmnections are properiy made, after which one lamp is all 
that is required. 

If in synchronizing as in fig. 4,838 the three lamps become 
br^t or dark simultaneously ^ the connections are correct; if, 
this action take place successively, the connections are witmg. 



Pw. 4JS7.— S yn ch roB l iteg. brUliwt lamp method. When the voitacee are equal and the 
in phaae, the difference of preieure between a, and a given point is the same ne 
that bMween s', and the same point: this obtains ttxbKoAtf. Acoordindy. s lamp ona> 
nected acreas «S', will bora with the same brilliancy as acraes s' S; the same holds far the 
othw lamp. When the voltages are the same and the p hase difference is 180* the l a m ps 
are daric. and as the phase difference is decreased . the lamps glow with increasing brightasss 
until at syndvonism they with maximum brilliancjr. Hence the incomiag altcmator 
be thrown in at the instant of maxi mu m brilliancy. 

Pio. 4408.— <SyiKlinnixing three phase alternators, being an extensian of the sinde phase 
method. Three lamps only are necessary to insure that the conneetions are properly made 
aft«' whkb one lamp is aQ that is required. 

If wrong, transpose the leads of <me machine until dmultaneous actioii 
of the lamps is secured. 

In the operation of a synchronizer a hand moves around a 
dial so that the angle between the hand and the vertical is always 

fUytE^A of th^ i»mp ii lack of seoiiUveiim. In plMi of 

aome form of ayndiroocope or ajmchronicing indicaw may be imd. TlmB snaifu* 
manta have bami cleecribad in the chapter on MiaoeUaneoua Meters. 
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the phase angle between the two sources of electric pressjiire to 
which the synchronizer is connected. j 



Figs. 4,S39 and 4,840. — Test for phase rotation where the original phase markings have been 
removed. Three small distribution transformers, the primary voltage of which is the same as 
the voltage of the alternator, are connected to the bus of machine No. 1 . and a small three 
phase motor connected to the secondary of the transformer bank. The connections on the 
primary side of the transformers may be marked 1.2,3, and the buses to which these leads 
are connected on machine No. 1 must also be marked 1 ,2,3. When the switch >s closed 
the induction motor will rotate in a given direction; this must be marked on the motor. 
The switch '‘A'' is then opened and the transformer primary leads are connected to the 
buses of machine No. 2. The switch is closed and the motor rotation is noted. If 
the motor rotate in the same direction as on machirie No. 1, then the buses of machine 
No, 2, are marked 1,2,3, to correspond with the connection of the primary leads of trans- 
former bank. When the rotation of the nmtor is op(x>sitc to that of tlie test on machine 
No. 1, then the connection of the transformer bank leads No. 2 and 3, to the buses of ma- 
chine No. 2, are interchanged and then the buses of machine No. 2, are marked 1,2,3 to 
correspond with the connections of the transformer l>ank. The buses 1 ,2,3 may be termed 
X,Y,Z or anything else; the main point islhat the pha^ rotation is now definitely found 
and the machines may be arranged to be connected together accordingly. Jn making the 
foregoing tests it is essential that the connections between transformers and transformers 
and motor be left undisturbed. In order that these machines be placed in parallel the 
voltage and frequency of the two must be brought to the same point. This necessitates 
a volt meter and frequency meter on each machine. With voltage and frequency correct 
the final essential is that the machines be in phase, or, as it is usually termed, in synchronism. 
For though the voltage and frequency of the machines be exactly the same if they be out 
of phase 180* and the machines are thrown together it will be equivalent to a short ct^it 
on the machines at twice normal voltage, since machine No. 1 will be maximum positive 
and machine No. 2 wilt be maximum negative at the same instant. When the machines 
are thrown together in exact synchronism and at exact voltage no current can flow between 
the machines. It will therefore be noted that it is desirable to synchronise properly. 
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one direction, if too fast, in the other direction. When the hand shows no 
deflection, that is, when it stands vertical, the machines are in phase. A 
complete revolution of the hand indicates a gain or loss of one cycle in the 
frequency of the incoming machine, as referred to the bus bars. 


Catting out Alternator. — When it is desired to cut out of cir- 
cuit an alternator running in parallel with others, the method of 
procedure is as follows: 

1. Reduce driving power until the load has been transferred 



CONNECTIONS FOR 220 VOLTS OR LESS 


Fig. 4341. — Connection diagram for synchronizing with synchroecope. The 83rnchrotcopo 
iihows the exact phase difference at any instant, and also shows whether the incoming ma* 
chine is running too fast or too slow . At exact synchronism the pointer remains stationary 
in a vertical position. When the voltage and frequency of the incoming machine are the 
same as the dperating machine and synchronism is indicated, by the synchroscope, the in* 
coming machine is then thrown in patallel with the operating machine by closing the main 
switch of the incoming machine. It may be found necessary to adjust the load on the 
two machines. This can only be done by adjusting the governors of the engines driving 
the alternators. Adjusting the field rheostats after the machines are in parallel only affects 
power factor and voltage and has no effect on load division. In order to facilitate the ad- 
justment of the engine governors, it is quite usual to airange a small motor geared to the 
governor and this motor is then operate from the main switchboard. 
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to the other alternators, adjusting field rheostat tq obtain 
fflimmum current; 

2. Open main switch; 

3. Open field switch. 

Never open field switch befcnre main switch. 

The ordinary methcxl of cutting out an altematoi is t^ open 
the main switch without any preliminaries, but an objection to 
this procedure is that it suddenly throws all the load on the 
other alternators, and causes “hunting.” 

Transformers. — ^The kind of efficiency of transformers the 
station master is interested in is the all day efficiency.* 

The usual all day efficiency is about 85 per cent for those of 1 kilowatt 
ayndty, 92 per cent for those of 5 kilowatts capacity, 94 per cent for those 
of 10 kOowatts capacity, and about 94.5 per cent for those of 15 kilowatts 
capacity. 

hfineral oil is used in oil coded trai»fc»iners. It must be free from mois- 
tme. To test, thrust a red hot iron rod in the oil; if it "crackle," moisture 
is present. The presence of moisture reduces the insulation value of the oil. 


Tranoformer Deilnition» 

OoKttnmmo duty. — A. requirement of service which demands operation 
at substantially constant load for an unlimited period. 

EMeteney . — ^The ratio of the useful power output to the total power 
inpit. 

Impedance drop. — Vector sum of the resistance drop and the reactance 
drop. 

Indoor tranetormer.—Ooe whidi. because of its construction, must bi 
protected fixxn the weather. 


mecn%.--AU Omo •aiefoney.— Thk txpn wi i o n , u com a i o nly mat with ia pnctin, 4*. 
astw IS* pmeetmet tka tkt emty eOtteUy u$td by tb$ eomtimtr Met emrgy 

tuttpHti $0 bit trmufrrmtr diir4$ig 24 Saura. 




Power Plant Practice 


2,839 


Intvrmtttmt duty . — A requirement of operation or service cnnainting 
of alternate periods of load and rest so apportioned and regukted that the 
temperature rise at no time exceeds that specified for the particular class of 
apparatus undo* consideration. 

lAMtd losses.— These include I*R losses in the windings due to load 
currrat. stray losses due to stray fluxes in the windings, core clamps, etc., 
and in some cases with parallel windings, losses due to circulating current. 

No-load losses. — These include core losses I*R losses in the winding due 
to exciting current and dielectric losses in the insulation. 

Outdoor trantformer . — One which is so constructed <»' protected ttiat 
eaqiosure to the weather will not interfere with its successful op^ation. 

Rating , — ^The rated kva. is the output which can be delivered continu« 
oudly at rated secondary ventage and rated frequency without exceeding 
safe temperature limits* 

Roaetanee drop . — ^Voltage drop in quadrature with the current. 

Raaiatanee drop. -Voltage drop in phase with the current. 

Subtractive and additive polarity . — Imagine a sini^e i^iase trans> 
former having two high voltage and two low voltage external terminals. 
Connect one high voltage terminal to the adjacent low voltage tammal 
and apply voltage across the two high voltage terminals. ITien, if the 
voltage across the unconnected high voltage and low voltage terminals be 
less than the voltage applied across the high voltage terminals, the pc^arity 
is subtractive; while if it be greater than the voltage api^ied across the hifl^ 
voltage terminals, the polarity is additive. 

Sutneay tranaformer . — One which is so constructed that it will operate 
successfully whm submerged in water under specified conditions of pressure 
and time. 

Voltage tape . — A full capacity tap is a tap fiom a transformer winding 
<m which the unit may be operat^ at rated kva. capacity without exceed^ 
the q;)edfied temperature rise. A reduced capacity tap is a tap on which 
^ unit may not be operated at full capacity without exceeding the specified 
temperature rise. 

In the selection of a transformer, one should be chosen, 
whose parts are so proportioned that the point of m a ximum 
effidency occurs at that load which the transformer usually 
carries in service. 
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In many a.c. installations, comparatively light loads are carried the 
greater part of the time, the rated full load or an overload being < 
of short duration. For such purposes special attention should bel given to 
the designing or selecting of transformers having low core losses rauer than 
low resistance losses, because the latter are then of relatively si^ll im- 
portance. 

The regulation of a transformer may be improved by decreasling the 
resistances of the windings by emplo^g conductors of greater cross spition, 
or decreasing their reactance by dividing the coils into sections and closdy 
interspersing those of the primary between those of the secondary. 

In transformers where there is a great difference in voltage between the 
primary and secondary windings, however, this remedy has its limitations 
on account of the great amount of insulation which must necessarily be 
used between the windings, and which therefore causes the distances be- 
tween them to become such as to cause considerable leakage of the lines of 
force. 

For the satisfactory operation of transformers in parallel, 
they must be designed for the same pressures and capacities, 
their percentages of regulation should be the same and they 
must have the same polarity at a given instant. 

One may satisfy himself as to the first of these conditions by examining 
the name plates fastened to the transformers, whereon are stamped the 
values of the respective pressures and capacities of each. 

Although equal values of regulation is given as one of the conditions to 
be satisfi^, transformers may be operated in pkarallel when their percentages 
of regulation are not the same. Ideal operation, however, can be attained 
only under the former state of affairs. 


To test a transformer for polarity, join together by means of a 
fuse wire, a terminal of the secondary, winding of each traite- 
former, and then with the primary windings supplied with 

NOTE. — The effect of moUture is to reduce the insulation value of transformer oiL 
.05 per cent, of moisture has been found to reduce the dielectric strength of oil about SO per 
sent. **Dry'' oil will withstand a pressure of 25,000 volts between two inch knobs separated 
.15 inch. 

NOTE.-^Jtepttiarlon. — By definition, regulation of a machine or apparatus in regard to 
loine characteristic quantity (such as terminal volUge, current or sp^) is the ratto ej the 
UaiaUtm ef that Quantity from Us normal value at fated toad to (he normal rated load value. 
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fiormal voltage, connect temporarily the remaining terminals of 
the secondary windings . The melting of the fuse wire thus con- 
nected indicates that the secondary terminals joined together 
are of opposite polarities, and that the connections must there- 
fore be reversed, whereas if the fuse wire do not melt, it shows 
that the proper terminals have been joined and that the con- 
nections may be made permanent. 

The object of this test is, obviously, not to determine the exact polarity 
of each seoHidary terminal, but merely to indicate which of them are of the 
same polarity. 



tbos. 4,842 to 4,844. — Convertar connection*. Pig. 4,842, double delta connection; 4,843, 
diametrical connection: 4,844, two circuit single phase connectimt. 


Rotary Converters. — rotaiy converter is a reversible 
machine; that is, if it be supplied with d,c. of the proper voltage 
at its commutator end, it will run as a d.c, motor and deliver 
o.c. to the collector rings. While this feature is sometimes taken 
advantage of in starting the converter from rest, the machine is 
not often used permanently in this way, its commercial applica- 
tion being usually the conversion of a.c. into d.c. 

When driven by d.c, a rotary converter operates the same as a 
dx, motor, its speed of rotation depending upon the relation 
existing between the strength of the field and the direct current 
voltage applied. 
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If the field be weak with respect to the armature magnetism resulting 
fix)m thes applied voltage, the armature will rotate at a high speed, in- 
creasiivg until the inductors on the armature cut the lines of force in the 
field so as to develop a voltage which will be equal to that aiq>lied. 


Again, if the field be strong with respect to the armature magnetism, resulting from ^ 
applied voltage, the armature will rotate at a low speed. If, therefore, it be desired to op 
the converter in this manner and maintain an alternating current of constant frequency, 
speed of rotation must be kept constant by supplying a constant voltage not only to the 1 
pressing on the commutator, but also to the terminals of the held winding. 



PtG. 4,845.--Winng diagram of alternator, exciter, transformer and converter showing also 
switch board connections. 


When driven by a. c. a. rotary converter operates the same as 
a synchronous motor. The most troublesome part of a con- 
verter is its commutator because of the many pieces of which it 
is composed and the necessary lines along which it is constructed, 
its peripheral speed must be kept within reasonable limits. 

When a rotary converter is operated in the usual manner on 
an a.c. circuit, the d.c. may be varied (from zero to a maximum) 
by changing the value of the alternating pressure supplied to 
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the machine, or it may be al- 
tered within a limited range by 
moving the brushes around the 
commutator, or in a compound 
wound converter by changing 
the amount of compounding. 

Under ordinary conditions, 
varying the voltage developed 
by changing the voltage at the 
motor end is not practical, 
hence the voltage developed 
can be varied only over a limited 
range. In addition to this, the 
voltage developed at the direct 
current end bears always a cer- 
tain constant proportion to the 
alternating current voltage ap- 
plied at the motor end; this is 
due to the same winding being 
used both for motor and gener- 
ator purposes. 

In all cases the prc^x»tion is such 
that the alternating current voltage 
is the lower, being in the single i^iaie 
and in the two phase converters 
about .707 of the direct current volt- 
age, and in the three phase converter 
about .612 of the direct current volt- 
age. It is thus seen that whatever 
value of direct current voltage be 
desired, the value of the applied 
alternating current votage must be 
lower, requiring in caaseouence the 
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installation of step down transformers at the sub-station for redudng tha 
line wire voltage to conform to the direct current pressure required. 



BANK OF LAMPS 



THREE PHASE 
CONVERTER 


Fiq. 4,848. — ^Wiring diagram showing arrangement of incandescent lamps for determiniiig tba 
pioper phase relations in starting a rotary converter. The alternating ciurrent side of a 
three phase converter is shown at C, The three brushes, D, T and G pressing on its col- 
lector rings are joined in order to the three single pole switches K, L and B, which can be 
made to connect with the respective wires M, R, and V, of the alternating current supply 
circuit. Across one of the outside switches H , for example, a number of incandescent lampe 
are joined in series as indicated at £, while the three pole switch (not shown) in the main 
circuit, between the alternator and the single pole switches is open. If then the main switch 
jiist mentioned and the middle switch L, be both closed, and the armature of the alternator 
be brought up to normal speed by running it as a direct current motor, the lamps at £, 
will light up and darken in rapid succession; the lighting and darkening of the lamps wilt 
continue until, by a propier adjustment of the speed, the correct phase relations are estab- 
lished between the alternating current in the supply circuit and the alternating cumnl 
developed in the armature of the converter. As this condition is approached, the intervals 
between the successive lighting up and darkening of the lamps will increase until they rr* 
main perfectly dark. There is then no difference of pressure between the supidy tirtull 
M,R,V, auid the rotary converter armature circuit, so the source of the direct current may 
at that instant be disconnected from the machine, and the switdies H and B, doted. If 
the change over has been accomplished beloce the phase relations of the two circuits dilfeied. 
the converter will at once conform itself to the supply circuit and run tbexeoii as a tom* 
chronous motor without further uoubie* 
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Starting of Rotary Converters.— There are several methods 
any one of which may be empbyed, the choice in any given case 
depending upon which of them may best be followed under the 
existing conditions. 

starting with d.c. The same connections would be made between the 
source of the direct current and the armature terminals on the cmnmutator 
side of the converter as would be the case were a direct current shunt 
motor of considerable size to be started; this means that a starting rheostat 
and a circuit breaker will be introduced into the armature circuit. 

An adjustable rheostat will, of course, be connected in the fidd drcuit 
for regulation. Before starting the converter, however, it is necessary to 
do certain wiring between the terminals on the collector side of the ma- 
chine and the alternating current supply wires, in order that the change 
over from direct current motive power to alternating current motive power 
may be made when the proper phase relations are established between 
the alternating current in the supply wires and the alternating current 
in the armature winding of the converter. 

In order thac proper phase relations exist, the armature of the con. 
verter must rotate at such a speed that each coil thereon passes its proper 
reversal point at the same tiine as the alternating current reverses in 
the supply wires. This speed* may be calculated by doubling the fre- 
quency of the supply current and then dividing by the number of pole 
ineces on the converter, but a far more accurate method of judging when 
the converter is in step or in synchronism with the supply current consists 
in employing incandescent lamps as shown in fig. 4,848. 

Starting with a.c. This may be done by applying the alternating 
pressure directly to the collector rings while the armature is at rest. There 
need be no fidd excitation; in fact the field windings on the separate pole 
jfieces slnuld be disconnected from each other before the alternating 
voltage is applied to the armature, else a high voltage will be induced in 
the fidd windings which may prove injurious to their insulation. 


In Starting with a.c. about 100 per cent more than that 
required for full load, is necessary. 

Wiring of Rotary Converters in Sub-Stations. — ^Beginning at 
the «itrance of the high pressure cables, first there is the wiring 
for the lightning arresters, then for the connection in ciraiit of 
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the high tension switching devices, from which the conductor 
are led to bus bars, and thence to the step down transfoi 

On a three phase system the transformers should be joined in del^ 
connection, as a considerable advantage is thereby ^ined over the star 
ccHinection, in that should one of the transformers bbcome defective, thp 
r ema i ning two will carry the load without change except more or le^ 
additional heating. Between the transformers and rotary converter th© 
circuits should be as short and simple as possible, switches, fuses, and 
other instruments being entirely excluded. The direct current from the 
converter is led to the direct current switchboard, and from there dis- 
tributed to the feeder circuits. 

In large sub-stations containing several rotary converters 
they are frequently installed to receive their respective currents 
from the same set of bus bars; that is, they may be operated as 
alternating current motors in parallel. They are also frequent- 
ly operated independently from single bus bars, but very seldom 
in series with each other. 

To provide against interruption of service in sub-stations 
there ^ould be one reserve rotary converter to every three or 
four converters actually required. 

Hunting of Rotary Converters. — In operation the inertia of a 
converter armature tends to maintain a constant sp>eed; varia- 
tions in the frequency of the supply circuit will cause a displace- 
ment of phase between the current in the armature and that in 
the line wires, which displacement, however, the synchronizing 
current strives to decrease. 

The synchronizing current, although beneficial in remedying the trouble 
after it occurs, exerts but little effort to prevent it, and many attempts 
have been made to devise a plan to eliminate this trouble. 

There are several methods used to prevent hxmtii^, namely 

1, Hie emplo)ment of a strongly magnetized field relative to that de- 
vdoped by tlte armature.* 
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2, A heavy fly-wheel effect in the converter; 

3, The increasing of the inductance of the armature by dnking the 
win^gs thereon in deep slots in the core, the slots being provided with 
extended heads; 

4, The employment of damping devices or amra-tisseur winding on the 
pole pieces of the converter. 

The damping method is the best method. 

The devices employed for the purpose are usually copper shields placed 
between or around the pole pieces, although in some converters the cop- 
per is embedded in the poles, and in others it is made simply to surround 
a portion of the pole tips. 



Fig. 4»849. — ^Low tension neutral grounding for single phase transformers (best 
Here the ground connection is made to the mid-point of the two transfmner s econd a iy 
coils, supplying a 3 wire Edison system . This 3 wire -system is now used almost universally* 
due to the great saving of copper in the lines. This method is desirable where the voltagt 
between the outer wires does not exceed 520 volts. 

Grounding Frames and Cases. — ^All transformer, regulator, 
generator, motor, starter and similar equipment frames or cases 
must be solidly groimded. The reason will be apparent from 
the following explanation. 

Consider a pole type transformer that is moimted so as to be withiii 
reach when standing on the ground. One of the primary leads of this 
transformer is considered in contact with the metal case. Therefore, the 
case will be charged with full line voltage. It is readily, apparent thsd 
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anyone touching this case while standing on the ground would receive a 
shock of line voltage to ground just as if contact were made with a bare 
line. This would be true of any other piece of electrical equipment. 
Therefore, for safety all equipment frames and cases should be grofunded. 




Fic. 4,850.-— J ow tension grounding for single phase transformer, two wire system. 
This method should not be usei for pressures over 260 volts. The ground wire should bs 
of the same size as the transformer leads. 




FtCfS. 4,851 and 4.852.-— Low tension grounding for transformers having a primary pres- 
sure of 1.000 volts or more. A breakdown of the insulation between the primary and sec- 
ondary coils will throw the primary voltage on the secondary circuit and a charging current 
shock from such a voltage will be dangerous. Therefore, a path to ground must be pro- 
vided as here shown. The ground gap which is introduced into the ground circuit insulates 
, the neutral from ground when the system operates at normal pre^ure, thus a contact from 
line to ground will only give a charging current shock. However, where the coil insulation 
breaks down between primary and secondary of the transformer and the primary vottage 
leaks into the secondary system, then the ground gap breaks down and passes the primary 
voltage to ground safety. 
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N.E.M.A. Transformer Instructions 

Location, — Accessibility, ventilation and ease of inspection should be 
given careful consideration in locating transformers. 

Handling . — When lifting a transformer the lifting cables nust be held 
apart by a spreader to avoid bending the lifting studs or other parts of 
the structure. When working about a transformer particular care must 
be taken in handling all tools and other loose articles, since any thing me- 
tallic dropped among the windings and allowed to remain there may 
cause a breakdown. 


Inspection . — When received, examination should be made before re- 
moving from cars and if any injury be evident or any indication of rough 
handling be visible, railroad claim should be hied at once and the manufac- 
turer notihed. Before being set up, a transformer should be inspected for 
breakage, injury or misplacement of parts during shipment and thoroughly 
examined for moisture. In addition all accessible nuts, bolts and studs 
should be tightened. If transformers be water cooled, the cooling coils 
should be tested for leaks at a pressure of 80 to 100 lbs. per sq. in. When 
pressure is obtained, the supply should be disconnected and after one hour 
it should be determined whether any fall in pressure be due to a leak in 
the coil, or is in the httings at the ends of the coil. 

Where transformers are shipped filled with oil, samples of oil should be 
taken from the bottom and tested. 


Drying Core and Coils . — ^There are a number of approved methods of 
drying out transformer core and coils, any one of which will be satis- 
factory if carefully performed. However, too much stress cannot be laid 
upcm the fact that if carelessly or improperly performed, great damage 
may result to the transformer insulation through over heating. The 
methods in use may be broadly divided into two classes: 1, drying with 
the core and coils in the tank with oil; 2, drying with the oil removed. 
The core and coils may or may not be removed from the tank. Under 
the first class, the moisture is driven off by sending current through the 
winding while inunersed in oil, with the top of the tank open to the air, 
or some other arrangement made for adequate ventilation. This may be 
dtme by 1, the short circuit method (to be used if the transformer be 
new or has been out of service without oil any length of time); 2. the nor- 
mal operation method to be used if the transformer be already in service 
but show moisture condensation and the transformer cannot be shut 
down to apply the short circuit method. 
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Putting New Trangfor- 
mer in Service . — ^When the 
voltage 3S first applied to 
transformer it should, if 
sible, be brought up slow! 
to its full value so that an 
wrong connection or oi 
trouble may be discovered 
before damage results. After \ 
full voltage has been applied 
successfully, the transformer 
should preferably be oper- 
ated in that way for a short 
period without load. It 
should be kept under obser- 
vation during this time and 
also during the first few hours 
that it delivers load. After 
4 or 5 days’ service it is ad- 
visable to test the oil again 
for moisture. 

Filling Tran»former », — 
Metal hose must be used in- 
stead of rubber hose, because 
oil dissolves the sulphur con- 
tained in rubber and may 
cause trouble by the sulphur 
attacking the copper. Pole 
mounted transformers may 
be filled with oil, either before 
or after mounting, as desired . 
It is sometimes necessary to 
add oU a short time after the 
transformer has ^n in- 
stalled, due to the fact that 
the installation will absorb a 
certain amount of oil,. When 
the transformer oil is replen- 
ished care should be taken 
that no moisture finds its way 
inside the case. 
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N.E.M.A. Motor Irutruetion* 

Unpacking and Handling . — When unpacking and handling madiinea 
the winding and other parts should be protected freon damage. To pre- 
vent sweating, the windings of a machine that have been aqx)sed to low 
temperature, should not be uncovered until they have had sujRident time 
to attain a temperature nearly as high as that of the room in whi(^ th^ 
are to be unpack'd. Whenever practical, a complete machine should 
be moved as a unit. This eliminates many possible troubles with wind- 
ings, armature, slip rings, etc. When necessa^ to move the armature 
or rotor alone, the only safe method of supporting it while either moving 
or stationary, is by slings or blocking rmder the shaft or by a padded 
cradle under the core laminations. The whole armature surface may be 
considered as subject to damage either to the bands, wedges, clips or insu- 
latkm unless properly handled. Every precaution should be taken to avoid 
damaging any of the windings or other parts. 

Drying Out . — Small machines can be baked in ovens and larger units 
can be dried by passing current throu^ the windings. In either case, 
however, the temperature should be kept within a maximum of 185* F. 

Eroetion . — EMachines must be lined up on their foundatioiv>, so that the 


NOTE . — High termion neutrat grounding . — method of grounding wag deviaed 
maiiily for the protection of the electrical system. The benefits of grounding the high ten- 
akm neutral of the three phase system is two fold. 1, it reduces the voltage stresses on all 
apparatus insulation to ground; 2, it converts any accidental ground fault on any line into 
a short circuit on the corresponding phase, tripping the faulty circuit clear of the altemator* 
providing of course, that the circuit is equipped with proper protective apparatus in the way 
of circuit breakers or fuses where the latter are adequate for this purpose. The clearing of 
a circuit on which there exists a ground is very desirable as it safeguards agiunst trouble of 
much greater magnitude. On a system where the voltage is relatively low, there may be 
no great advantage in the further reduction of voltage to ground. 

NOTE . — Low tmrwion nmutral grounding. The method is here considered as apphring 
to all systems of 550 volts or less and fed from the second^ of ordinary distribution tram- 
fonners. The purpose of this system of grounding is to insure against higher than normal 
voltage being present on the low tension system, and therefore, the possible danger to human 
Kfe is minimiased. The grounding of the low tension neutral also eliminates an arcing ground^ 
thereby reducing fire risk in buildings, etc. Lastly, it ensures the disconnection of the faulty 
part of the low tension system through the operation of fuses or circuit breakers. Where 
the high tension primary of the transformer is connected to a high tension grounded neatral 
•yatem and a break down of insulation occurs between primary and secondary aoiia, the ground* 
ii^ of the low tension neutral usually provides a short circuit path for the high tenakm cor* 
rents and this at once disoonnecta the faulty transformer from the high tensiem line by tfaa 
operation of the fuses. This, however, does not occur when the primary of the tranafonner 
it connected to a high tension ungrounded neutral system. This adds another point in favor 
of high tenaiofi neutral grounding for the breakdown of insulation between primary and aee* 
oodary arils of diatrihution tranaformers it by no means uncommoo, e^sedally in disiriola 
subject to heavy lightning storms. 
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driving and driven shafts are parallel. Driving and driven pullejrs must 
be in line so that the belt will run true. 

Grounding of Frames . — This is recommended for all motors. If the 
frame be insulated from the ground, the strain on the insulation of /the 
windings will be decreased, but danger to the attendants will be increa^d. 
If such insulation be desired, the foimdation should be capped hy a smut 
wooden frame bolted to the masonry, care being taken that the bolts are 
so placed that they do not make electrical contact with the bolts which re- 
cure the alternator frame to the wooden cap, or with the frame itsaf. 
This wooden cap may be covered with some insulating waterproof pail^t 
or compound. 

Lubrication . — When a machine is first started, the oil rings should be 
observed to see that they are turning and the bearing housings watched 
to see that they are not overheating. Oil wells should be filled with petro- 
leum oil (not vegetable or animal oil) sometimes specified as high grade 
dynamo, or light engine oil. Experience has shown that animal or vege- 
table oils or grease, or admixtures of tfiem with mineral or petroleum oil, 
will dry and gum, and by gumming the ducts and oil rings, prevents the 
free flow of oil to the bearings. Oil lealcage at the drainage plugs can bfe 
avoided by dipping the plugs in a mixture of red lead and shellac before 
inserting. It is advisable to apply a little clean lubricating oil to col* 
lector rings regularly. The oil may be applied with a piece of doth or 
chamois skin. 

N.E.M.A. Control Equipment Instructions 

Contacts . — ^The contacts of an electric controller a-ssume a position of 
first importance. Of whatever type, they must be kept clean, pressure 
maintained and replaced when worn. 

Contactors . — To keep magnetic contactors in proper working order a 
regular inspection should be made to maintain a correct relation between 
the action of the contacts, iron circuit and coil. Assurance that the irwi 
circuit is closed and sealed with a ixssitive action, and that the contacts 
have sufficient “roll” or pressure will prevent many controller complaints. 

Relays . — Follow the manufacturer's instructions furnished with relays. 

Low Voltage Devices.— The proper holding and releasing action of low 
voltage coils, under voltage coils, and mechanisms is dependent on both 
mechanical adjustment and application of the voltage (and firequency on 
alternating current systems) specified on the name plate. The spring and 
gravity return mechanism should be kept in proper adjustment to avoid 
too violent return. A.C. release mechanism should he inspected to see 
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that the iron circuit is properly sealed and that the pole pieces are deuied 
of rust and make a true flat contact. Care (m this point will prevent 
humming and failure of coils from excessive current due to open iron 
circuits. 

Connections and Wiring . — ^Terminals and connection studs on con< 
trollers, accessories and resistors should be gone over regularly and tightened 
to avoid poor contact and improper functioning of the apparatus. 

Lubrication . — Oil on controllers should be applied only to parts need- 
ing oil. Any excess oil on surfaces should be wii^ off to (nvvent accumu- 
lation of dust and dirt. Oil should be applied carefully and sparingly to 
such parts of a controller as may be specified by the manufacturer in las 
instructions. 


TEST QUESTIONS 

1. What items are included in the term "management" ? 

2. What should be considered to properly select a ma- 

c/line.’ 

3. Describe in detail how various power plant apparatus 

are properly selected. 

A. What are the uses of single phase and polyphase 
motors cf various types? 

5. Describe the use oj synchronous motors for the dual 

purpose cf power and power factor correction. 

6. Give the application of "general purpose" motors. 

7. Give the effects of variation of voltage and frequency 

upon the performance of induction motors. 

8 . Explain the markings placed on terminals of electric 

power apparatus. 

9. Give some points relating to rotors and phase rotation 

of rotating apparatus. 

10. Explain the rating of alternators. 
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1 1 . What may be said with respect to the voltage taps of 

transformers? 

12. Give a few points relating to the installation of ma- 

chines in power houses. 

13. Give some information on belts and pulleys. 

14. Explain horse power and torque calculations. 

15. Describe the operation of an alternator under various 

conditions. \ 

16. What are the various methods of synchronizing alter- 

nators so that they will run in parallel? 

17. Describe the method of cutting out an alternator. 

18. What kind of transformer efficiency is important to 

the station manager? 

19. Is a rotary converter a reversible machine? 

20. Give the method of starting a rotary converter. 

21 . How are rotary converters wired in sub-stations? 

22. Describe the hunting of rotary converters. 

23. Explain how and why frames and cases should be 

grounded. 
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CHAPTER 92 


Testing Indicating Instruments 

Before making tests on a.c. motors, alternators, trans- 
formers, or other machines, the instruments used should be 
tested so that accurate results may be obtained. The ex- 
planations then may be regarded as a preliminary to chapters 
93 and 94. 

Electrical Indicating Instruments. — In the manufacture of 
most measuring instruments, the graduations of the scale are 
made at the factory, by comparing the deflections of the 
pointer with voltages as measured on standard apparatus. 

The volt meters in most common use have capacities of 5, 15, 75, 150, 
300, 500 and 750 volts each, although ir the measurement of very low 
re^tances such as those of armatures, heavy cables, or bus bars, volt 
meters having capacities as low as .02 volt »re employed. 

The difference between the design of direct current volt meters of dif- 
ferent capacities lies simply in the high resis>^'ince joined in series with 
the fine wire coil. This resistance is usually about 100 ohms per volt 
capacity of the meter, and is composed of fine silk covered copper wire 
wound non-inductively on a wooden spool. 

In the ope&tition of an instrument, if the pointer when deflect^ do not 
readily cc«ne to a position of rest owing to frictior in the moving parts, 
it may be aided in this respect by gently tapping the case of the instruiMnt 
with the hand; this will often enable the obstruction, if not of a serious 
nature, to be overcome and an accurate reading to be obtained. 
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In a two scale volt meter, one scale is for low voltage read- 
ings and the other for high voltage readings; on these scales 
the values of the graduations for low voltages are usually 
marked with red figures, while those for high voltages We 
marked with black figures. \ 

i 

A volt meter carrying two scales must also contain two resistances\in 
place of one; a terminal from each of these coils must be connected wl^ 
.a separate binding post, but the remaining terminal of each resistance 
is joined to a wire which connects through the fine wire coil with the 
third binding post of the meter. The two first mentioned binding posts 
are usually mounted at the left hand side of the meter and the last men> 
tioned binding post and key at the right hand side. 

The resistance corresponding to the high reading scale is composed of 
copper wire liaving the same diameter as that constituting the resistance 
for the low reading scale, but as the capacity of the former scale is gen- 
erally a whole number of times greater than that of the latter scale, the 
resistances for the two must bear the same proportion. 

In connecting a two scale volt meter in circuit, the single 
binding post is alwa)^ employed regardless of which scale is 
desired. 

If, then, the voltage be such that it may be measxired on the low reading 
scale, the other binding post employed is that connected to the lower (rf 
the two resistances contained within; if, however, the pressure be higher 
than those recorded on the low reading scale, the binding post connected 
to the higher of the two resistances contained within is used. 

Inasmuch as the capacities of the scales are usually marked on or near 
the corresponding binding posts, there will generally be no difficulty in 
selecting the proper one of the two left hand binding posts. 


When the binding posts of a two scale volt meter are not 
marked and only an approximate idea is possessed of the volt- 
age to be measured, it is alwa^^ advisable to connect to the 
binding post corresponding to the high reading scale of the 
meter. 
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This is done in order to determine if the measurement may not be made 
safely and more accurately on the low reading scale. In any case, some 
knowledge must be had of the voltage at hand, else the high reading por- 
tion of the instrument may be endangered. 

Too muck care cannot be taken to observe these precautions whenever the 
volt meter is used, for the burning out or charring of the insulation either 
in the fine wire coil or in the high resistance of the meter by an excessive 
current, is one of the most serious accidents that can befall the instrument. 

If a voit meter has been subjected to a voltage higher than that for 
which it was deagned, yet not sufficiently high to injure the insulation, 
but high enough to cause the pointer to pass rapidly over the entire sode, 
damage has been done in another way. The pointer being forced against 
the side of the case in this manner is more or less bent and so introduces 
an error in the readings that are afterward taken. 

The same damage will be done if the meter be connected in circuit so 
that the current does not pass through it in the proper direction, although 
in this case the pointer is not liable to be bent so much as when it is fOTced 
to the opposite side of the meter by an abnormal current, since then it has 
gained considerable momentum which causes a more severe impact. 

The extent of the damage may be ascertained by noting how far away 
from the zero mark the pointer lies when no current is passing through the 
instrument. If this distance be more than two-tenths of a division, the 
metal case enclosing the working part should be removed and the pointer 
straightened by the careful use of a pair of pinchers. 


Indicating instruments should not be placed near conductors 
carrying large currents. 

A fall or a rough handling of an instrument at once shows its effect on 
the readings, for as much harm is done as would result from a similar 
treatipent of a watch. 


How to Take Readings. — The deflection of the pointer 
should be read to tenths of a division; this can be done with 
considerable accuracy, especially after a little practice. 

For very accurate results, a temperature correction should be applied to 
compensate for the effect which the temperature of the atmosi^ere has 
upon the resistance of the meter when measurements are l^g taken. 
In ordinary station practice the tnnperature correction is neglij^e, being 
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for resistance corresponding to the high scale in first class meters, less 
than one-quarter of 1 per cent, for a range of 35 degrees above or 35 de- 
grees below 70 degrees Fahrenheit. I 


Errors in Station Volt Meters. — ^Since they are usualm con- 
nected permanently in circuit; a certain amount of h^t is 
developed in the wiring of the instrument. \ 

The effect of this heat increases the volt meter resistance and conse- 
quently reduces the current below that which otherwise would pass through 



Fig. 4 , 856 . — ^Diagram of connections for calibrating a w%tt meter. 

the meter; since the deflections of the pointer are governed by the strength 
of the current, station volt meters invariably indicate a voltage slightly 
lower than that which actually exists across their leads. 


Checking Up a Recording Watt Meter. — ^This may conve- 
niently be done by noting the deflections at short intervals on 
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an ammeter connected in circuit, and also the readings on the 
dial of the recording watt meter during this period. If this 
test be continued for an appreciable time, the product of the 
pressure in volts, the current in amperes, and the time in hours, 
should equal the number of watt hours recorded on the coun- 
ters of the dial. 

Calibrating a Watt Meter. — ^The calibration of a pcsrtable 
watt meter is accomplished with direct current of constant 
value which is passed through the series winding by coimecting 
the source thereof with the current terminals as in fig. 
4 , 856 . 

A direct current voltage which may be varied throughout 
the range of the watt meter is also applied to the instrument 
between the middle and right hand pressure terminals A and E, 
the wiring in the meter between these terminals being such 
that its differential winding is then cut out of circuit. 

The method of procedure consists in comparing the deflec- 
tions on the watt meter at five or six approximately equi- 
distant points over its scale with the corresponding products 
of volts and amperes used to obtain them. 

The changes in the watt meter deflections are effected by merdy varying 
the voltage, the value of the current being maintained constant at a 
valxie whidi represents the full current capacity of the meter. 


How to Get Accurate Ammeter Readings. — For precision 
measurements an ammeter should be cut out of circuit except 
while taking a reading, becau^ of the error introduced by the 
heating effect of the current. 

In an ammeter having a capacity of 50 amperes, the error thus 
duoed will be less than 1 per cent, if oonneded contouously in circiiit 
with a current not exceeding three-auartos this capacity. 
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All ammeters of 100 amperes capacity may be used indefinitely in circuit 
with less than 1 per cent, error up to one-half its capacity, and for five 
minutes at three-quarters capacity without exceeding the 1 per cent, limit. 

Meter Testing with Standard. — In testing a meter, by com- 
paring it with a standard, in order to obtain the best results 
there should be one man at each meter so that simultapeous 
readings may be taken on both instruments, and the nW at 
the standard meter should maintain the voltage constant yhile 







Fio. 4,857 Wewel two scale «.c. portable testing ammeter. The construetjon uses a apsciid 
coll which has several windings so arranged that the several scales check in their chjururter* 
istics and consequently a single set of dtvisims it supplied with the necessary sets of dgum* 
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a reading is being taken, by means of a rheostat in the field 
circuit of the generator supplying the current. 

Each meter should be checked or calibrated at five or six approxi> 
mately equidistant points over its scale; the adjustable resistance being 
varied each time to give a deflection on the standard meter of an even 
ntunber of divisions and the deflection on the other meter recorded at 
.whatever it may be. Having obtained the necessary readings, the cal- 
culation of the constant or multiplying factor of the meter undergoing test 
is next in order. 

This may best be shown by taking an actual case in which a 150 scale 
volt meter is being tested to determine its accuracy. The data and cal- 
'ulations are as foUows: 

Readings on Readings on Constant 
standard meter meter tested 


150 

149.2 

150+149.2-1.005 

125 

125.0 

125+125.0-1.000 

100 

98.9 

100+ 98.9-1.011 

75 

73.6 

75 + 73.6-1.019 

50 

50.0 

50+ 50.0-1,000 

25 

24.8 

25 + 24.8-1.008 


6.043 

Average constant for six readings, 6.043■^6■»1.007• 

It may be stated in general that before taking the readings for this 
test, the aero position of the pointer on the meter tested should be noted, 
and if it be more than two-tenths of a division of! the zero mark, the case 
of die meter should be removed and the pointer straightened. 

Furthermore, it will be noticed from the readings here recorded that 
the test is started at the high reading end of the scale; this is done in order 
that the pointer may gradually be brought up to this spot, by slowly 
cutting out of circuit the adjustable retistance, and thus show whether 
or not the pointer has a tendency to stick at any part of the scale. If 
the meter seem to be defective in tins respect, it shotild be remedied either 

9 enl 0 may be left in cimiit for an indefinite length of time 

at one-third its full capacity, and for three niuiutet at one-half iu full capacity, with a neg- 
ligih^ error. 

NOTE, — ^When currents larger than 300 amperes have to be measured, ammeter shunts 
are generally employed, although ammeters up to 500 amperes capacity are manufactured. 

NOTE.— Ammefers o/ 200 orul of SOO ampero eapoeitio* must not continuouriy carry 
Him thhn one-quarter of these loads respectively if the readings are to have an accuracy within 
1 pet cent, nor more than one-half these respective numbers of amperes for three minutes if 
the same degree of accuracy be desired. 
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by bending the pointer or scale, or by renewing one or both of the jewds, 
befcnre the comparison with the standard is commenced. 


It is obvious from the readings recorded from the 150 scale volt pieter, 
that as compared with the corresponding deflections of the standard, the 
former are a trifle low. 1 

In order to determine for each observation how much too low thw are, 
it is necessary to divide each reading on the standard by the correspc^ing 
reading on Ibe meter tested. The result is the amount by whi(± a de> 
flection of tins size on the meter tested must be multipli^ in ocdo: to 



Fto. 4,858.— Jewel two scale ax, portable testing volt meter. The ax. moveme a t used i» 
and it an advanced desi^ of the reptiWon iron vane type, embodying a hahsUte 
Axm for tha coil, a m oulded bakelite damping chamber and a moving etanent, wbidi la 
lil^t. but rugged. 
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<^tain the ^ct reading . This multiplier is called a constant, and as sliown, 
a constant is determined for each of the six observations. 

The average constant for the six readings is then found, and this is 
taken as the constant for the meter as a whole; that is, whenever this 150 
scale volt meter is used, each reading taken thereon must be multiplied 
by 1.007 in order to correct for its inaccuracy. 

The most converuent and systematic way of registering the constant of 
a meter is to write it, together with the number of the meter and the date 
of its calibration, in ink on a cardboard tag and loop the same by meanit 
of a string to the handle or some other convenient part of the meter.. 


Calibration of a Two Scale Volt Meter. — ^The complete cali- 
bration of a two scale volt meter does not, as might be sup- 
posed, necessitate that the readings on both scales be check^ 
with standards, for since the resistance corresponding to the 
one scale is always some multiple of the resistance of the 
other, the constants of the two scales are propc»tional. 


For instance, if S»=the reading at the end of the high scale of the volt 
meter; S‘>='the reading at the end of the low scale of the volt meter; R«« 
the reastance in the meter corresponding to the high scale; R‘ —the reust- 
ance in the met»' corresponding to the low scale; K— the constant for the 
high scale, and K'— the constant for the low sc^e. Then 


from which 


SK4-R-S«*-J-R‘ 

K»-SKR-5-S‘R 


That is to say, if the respective resistances corresponding to the two 
scades be known, and the constant of the high scale be determined by o»n- 
parison with a standard, then by aid of these known values and the max- 
imum readings on the two scales, the constant of the low scale may be cal- 
culated. It is also possible to cadculate the constant of the high scale if 
the constant of the low scale be known, together with the values of the 
resistances corresponding to the two scales; for from the equation previ- 
ously given, 

K-RS‘K»-5*R»S 


There are a number of tests that are easily made and which 
require only ordinary ammeters, volt meters and watt meters. 


NOTE . — Tuning up a meter consists in straightening the pointer; varymg the 
of the spiral springs; renewing the jewels in the bearings; altering the value of the high re^ 
aiatance, and, in the case of a direct current instrument, ''trengthening the oetmanent magikett 
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A knowledge of these tests will be found useful to those having 
diarge of a.c. motors. The tests which follow are of s^ple 
nature and present no difficulties. 

In motor testing, by the methods illustrated in the accompanying cuts, 
it is assumed that the motor is loaded in the ordinary way by beltmg or 
direct connecting the motor to some form of load, and that the object 
is to determine whether the motor is over or under loaded, and api^xi> 
mately what per cent, of full load it is carrying. All commercial mdtors 
have name plates, giving the rating of the motor and the full load current 



Figs. 4,859 to 4,862. — How to connect instrunaenu for power measurements. 


in amperes. Hence the per cent, of load carried can be determined ap- 
proximately by measuring the current input and the voltage. If an effi- 
ciency test of the apparatus be required, it becomes necessary to use some 
fonn of absorption by dynamometer, such as a Prony or other form of 
brake. The output of the motor can then be determined from the brake 
readings. The scope of the present treatment is, however, too limited 
to go into the subject of different methods of measuring the output of ths 
apparatus, and is confined rather to methods of measuring current input, 
voltage, and watts. The accuracy of all tests is obviously, dependent 
upon the accuracy of the instruments employed. 

Before accepting the result obtained by any test, especially under light or 
no load, correction should be made for wattmeter error. See watt meter 
error table on page 2,885. 
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TEST QUESTIONS 

1 . What precautions should be taken with testing instru- 

ments in making tests? 

2. How are the scales on electrical instruments made? 

3 . What range of voltage is most common on the scales of 

volt meters? 

4. How do d.c. and a.c. instruments differ? 

5. How may the pointer of an instrument be quickly 

brought to rest? 

6. Explain the reading of two scale instruments. 

7. What precautions should be taken in connecting up a 

two scale volt meter? 

8. Explain the use of each scale in a two scale volt meter. 

9. Explain how to take readings. 

10. How may a volt meter be easily damaged? 

11. What should be done in taking readings to obtain 

accurate results? 

12. What errors occur in station volt meters? 

13. Should temperature correction be made for ordinary 

station instruments? 

14. Explain the effect of heat in introducing an error. 

15. Explain how to check up a watt meter. 

16. How IS a watt meter calibrated? 

17. How are accurate ammeter readings obtained? 

18. How should ammeters of various capacities be used? 

19. How is a meter tested with a standard? 

20. How close should a meter read for the zero position? 
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21 . What is the most convenient way to register the con- 

stant of a meter? 

22. Explain how to calibrate a two scale volt meter. 

23. What are the usual remedies in tuning up a mete):? . 
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CHAPTER 93 

Transformer Testing 

In the early days of transfc«rmer building, before the com- 
mercial watt meter had been perfected, leakage or exciting 
current was the criterion of good design. After the introduc- 
tion of the watt meter, core loss became the all important 
factor, and for a long time the question of leakage current was 
lost sight of. With the introduction of silicon steel, leakage 
or exciting current again assumed prominence. 

Keeping in mind the fact that all characteristics of a trans' 
former are of more or less importance, it is essential that the 
user of such apparatus have at hand the necessary facilities 
for making tests of all such variable quantities. The testa 
which all users of transformers should make, are given in this 
chapter. 

Transformer Copper Loss by Watt Meter Measurement and 
Impedance. — ^At fost glance, this method, as shown in fig. 
4,863, would seem better than the calculation of loss after 
measurement of the resistance. However, it should be noted 
that the watt meter is, in itself, subject to considerable error 
under the low power factor that will exist in this test. 

The secondary of the transfcffmer is short circuited, and a voltage 
plied to the primary which is just sufficient to cause full load primal 
current. If fit” current pass through the nnmary of the transformer with 
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the secondaty short circuited, the secondary will also carry full load cur- 
rent. With connections as shown in fig. 4,863 and with the Ml load 
current, the volt meter indicates the impedance volts of the transformer. 
This divided by the rated voltage gives what is called the per c«*/. im- 
pedance of the transformer. In a commercial transformer of 5 feA. this 
should be approximately 3 per cent. 

\ 

The iron loss of the transformer imder approximately 3 
per cent, of the normal voltage will be negligible, and the 
losses measured will be the sum of the primary and secondary 
copper losses. 



Fig. 4»863.««Tran8forn^r copper loss by watt meter measurement and impedance. 


As in the discussion of the core loss measurements, the watt 
meter readings must be corrected for the loss in its pressure 
coil, the method of correction being the same as that discussed 
under the core loss measurement. If the impedance volts, as 
measured, be divided by the primary current, the impedance of 
the transformer is obtained. The reciprocal of this quantity is 
known by the term “admittance.” When two or more trans- 
formers are connected in parallel they divide the had in propor- 
tion to their admittance. It is, therefore, important that the 
users of transformers know the impedance of the apparatus 
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Fig. 4,864. — ^Reawtance measurement by **drop** method. The circuit whose resistance is 
to be measured, is connected in series with an ammeter and an adjustable resistance to 
vary the how of current. A volt meter is connected directly across the terminals of the 
resistance to be measured, as shown in the figure. According to Ohm's law I >»£4'R, 
from which, R *£ + 1. If then the current flowing in the circuit through the unknown 
resistance be measured, and also the drop or oiflerence of pressure, the resistance can be 
calculated by above formula. In order to secure accurate determination of the resistance 
such value of current must be used as will give large deflections of the needle on the in<> 
struments emjrtoyed. A number of independent readings should be taken with some varia* 
tkm of the current and necessarily a corresponding variation in voltage. The resistance 
should then be figured from each set of readings and the average of all readings taken for 
the correct resistance. Great care must be taken, however, in the readings, and the in« 
struments must be fairly accurate. For example » suppose that the combined instrument 
error and the error of the reading in the volt meter should be 1 per cent., the reading being 
high, while the corresponding error of the ammeter is 1 per cent. low. This would cause 
an error of approximately 2 per cent, ki the reading of the resistance. In making careful 
measuremenu of the resistance, it is also necessary to determine the temperature of the 
resistance being measured, as the resistance of copper increases approximately .4 of 1 per 
cent, for each degree rise in temperature. Use is made of this fact for determining the 
increase in temperature of a piece of apparatus when operating under load. The resist- 
ance of the apparatus at some known temperature is measured , this being called the cold 
. resistance of the apparatus. At the end of the temperature test the hot resistance is taken. 
Assume the resistance has increased by 15 per cent. This would indicate a rise in tem- 
perature of 37 H degrees above the original or cold temperature of the apparatus. Sup- 
pose then that in measuring the cold resistance, results arc obtained which are 2 per cent, 
low, and that in measuring the hot resistance, there be 2 per cent, error in the opposite 
ditectioh. This would mean that a total error of 4 per cent, had been made in the differ- 
ence between the hot and cold resistances, or an error of 10 degrees. The correct rise hi 
temperature is, therefore, about 27 instead of 37 H degrees. In other words, an error 
of 2 per cent, in measuring each resistance has caused an error of approximately 36 per 
cent, in the measurement of the rise in temperature. The constant .4 which hw been used 
above is only approximate and should not be used for exact work. For detail instructions 
of makinit calculations of resistance and temperature, sec ''Standardisation Rules of tbs 
AJ.K.E." 
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used, in order to determine whether two or more transformers 
will operate satisfactorily in parallel. j 

For accurate measurement of impedance the volt Wter 
should be connected directly across the terminals of the wans- 
former rather than as shown in fig. 4,863, \ 

The usual and best method of obtaining copper losses is to separately 
measure the primary and secondary resistance and calculate from these 
the primary and secondary copper losses. For general diagram of connec- 
tions and discussion of the drop method, see fig. 4,864. The current should 
be kept well within the load current of the transformer to avoid tem- 
perature rise during the test. In other words, the resistance of the coil 
is the voltage across its terminals divided by the current. 



Fig. 4,865. — Tcmp)eraiure test of transformer with non-inductive load. 


The resistance of the primary coil can be measured similarly. The 
copper loss in watts in each coil will then be the product of the resistance 
and the square of the rated current for that coil. 

Temperature Test of Transformer with Non<Inductiye Load. 

— ^The simplest way of making the test is shown in fig. 4,865. 
Connect the primary of the transformer to the line as shown, 
and carry normal secondary load by means of a bank of lamps 
or other suitable resistance, until full load secondary current 
is shown by the ammeter in the secondary circuit. 

The transformer should then be allowed to run at its rated load for the 
desired interval of time, temperature readings being made of the oil in its 
hottest part, and also of the surrounding air. 
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Where 'temperatures of the coil rather than temperatures of the oil are 
desired, it is necessary to uce the resistance method. This is obtained by 
first carefully measming the resistance of both pnmary and secondary 
coils at the temperature of the room, and then, after the transformer 
has been under heat test for the desired time, disconnect it from the cir- 
cuit and again measure the resistance of primary and secondary. 

For proper method of calctilating the temperature rise from 
resistance measurements, the reader is referred to the stand- 
ardization rules of the A.I.E.E. 

In making resistance measurements of large transformers by the drop 
method care should be taken to allow both ammeter and volt meter indi- 
cations to settle down to steady values before readings are taken. This 
may require several minutes. Each time the current is changed it is 
necessary in order to obtain check values on resistance measurements, to 
wait xmtil the current is again settled to its permanent value before taking 
readings. 

All resistance measurements must be taken with great care, as s^iall 
enws in the measurement of the resistance may make very large errors 
in the determination of the temperature rise. The method above de- 
scribed is satisfactory for small trai^formers. 

Where large tmits are to be tested, the cost of current ior 
testing becomes an important item. The “bucking test” as in 
fig. 4,866, is more economical. 

Transformer Temperature Bucking Test. — For this purpose 
two transformers of the same size and ratio are required. The 
connections are as shown in fig. 4,866. Full secondary voltage 
is applied, ^d rheostats or auxiliary auto-transforraers are in- 
serted in the circuit to properly regulate the voltage. 

, The primaries me connected with one bucking the other, and a voltage 
equal to twice the impedance voltage of either transformer inserted in the 
primary circuit. It should be noted that when the secondaries are sub- 
jected to the fiill s^ndary voltage, a full primary voltage exists across 
dther primary, but with the primaries connected so that the voltage of 
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one » bucked against the voltage of the other, the resultant voltage in 
the circuit will be zero. 

By applying to the prinaary circuit twice the impedance vol^e of 
either transformer, full primary and secondary current will circulate 
through both transformers. On the other hand, by subjecting the sec- 
ondaries to the full secondary voltage, the iron of the transformer will be 
magnetized as under its regular operating conditions, and the fuk iron 
loss of the transformer introduced. This method iiermits the opeiation 



Fio. 4,866. — ^Transformer temperature "bucking test." 


of two transformers under temperature test with their full losses, witiM>ut 
taking energy from the line equal to the rated capacity. 

Measurements of temperature are taken in exactly the same 
way as above. This method is successfully employed for 
making temperature tests on transformers of all sizes. 

Transformer Insulation Test. — In applying a 10,000 volt 
insulation test between the primary and secondary of a 
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transformer, the testing leads should be disconnected from’the 
transformer under test, and a spark gap introduced as shown 
in fig. 4,867 with the test needle set at a proper sinking dis- 
tance for 10,000 volts. 

A high resistance should be connected in the secondary before closing 
its circuit, and the voltage gradually increased by cutting out this sec- 
ondary resistance until a spark jumps across the spark gap. When the 
spark jumps across the spark gap, the volt meter reading should be re- 
corded and the testing transformer disconnected. The spark gap should 
then be increased about 10 per cent., and the high tension leads con- 
nected to the transformer under test as indicated in the diagram. 

RCSISTJ^MOE 



In order to equalize the insulation strains, all primary leads should be 
connected together, all secondary leads not only connected together, but 
to the core as well. All resistance in the rheostat in the low tension cir- 
cuit should then be inserted and the switch closed. Gradually cut out 
secondary resistance until the volt meter shows the same voltage as was 
recorded previously when the spark jumped acr<»8 the gap, airf api^y 
this voltage to the transformer for one minute. 

Insulation tests for a period of over one minute are vety 
unadvisable, lis transformers with excellent insulation may be 
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seriously damaged by prolonged 
insulation tests. 


The longer the strain to wiiich any 
insulation is subjected theWiorter 
the subsequent life of the insi^tion. 
Also the greater the applied voltage 
above the actual operating voltage 
of the apparatus, the shorter the 
subsequent life of the insulation. In 
testing small transformers, the spark 
gap may be omitted and the voltage 
of the low pressure coil of the testing 
transformer measured. This multi- 
plied by the ratio of transformation 
gives the testing voltage. 


TransfOTmer Insulation Test 
without High Tension Trans- 
former. — In this method, a 
number of standard transfor- 
mers, connected as shown in 
fig. 4,868, may be employed, 
but great care should be taken 
to have such transformer cases 
thoroughly insulated from the 
ground and from one another, 
in order to minimize the insula- 
tion strains in the testing trans- 
formers. 
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Care should be taken to insert 
in the circuit of each testing 
transformer a fuse, not in ex- 
cess of the transformer capacity, 
which will blow, in case of a 
break down in the apparatus 
under test. 

In testing insulation between 
secondary and core, disconnect 
the primary entirely, apply one 
terminal of the testing transfor- 
mer to the secondary terminals 
of the transformer und^ test, 
and the other terminal of the 
testing transformer to the core 
of the transformer under test. 
The duration of this test should 
also not exceed one minute. 

Transformer Internal Insula- 
tion Test. — This test is some^ 
times called double normal 
voltage test, from the fact that 
most transformers are tested 
with double normal voltage 
across their terminals. If either 
the primary or secondary of the 
transformer be connected, as 
shown in fig. 4,869, to some 
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source of current with voltage double that of the voltage of the 
transformer under test, the insulation between adjacent /turns, 
and also the insulation between adjacent layers will be sub* 
jected to twice the normal operating voltage. 

It is good prt^ctice to employ high frequency for this test in oitier to 
prevent an abnormal current passing through the transformer. \ Sixty 
cycle transformers are usually tested on 133 cycle, and 25 cycle ^rans« 
formers on 60 cycle circuits for this double normal voltage test. It is 
necessary to insert the resistance in the circuit of the transformer and 
bring the vcJtage up gradually, the same as applying other high insulation 
tests in order to prevent abnormal rises in pressure at the instant of closing 
the circuit. 



Fig. 4,870. — I'ransfonner insulation resistance test. 


Transfra-mer Insulation Resistance Test. — ^The insulation of 
a transformer besides being able to resist puncture, due to in- 
creased voltage, must also have sufficient resistance to prevent 
any appreciable amount of current flowing between primary 
and secemdary coils. It is, therefore, sometimes important that 
the insulaticm resistance between primary and secondary be 
measured. 

This can be done as shown in fig. 4,870. Great care should 
be taken to have all wires throughly insulated from the 
ground, and, to have an ammeter placed as near as possible 
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to the terminals of the transformer under test, in order that 
current leaking from one side of the line to the other, external 
to the transformer, may not be measured. Great care is re- 
quired in making this measurement, in order to obtain con- 
sistent results. 

IVansfOTmer Winding or Ratio Test. — ^The object of this 
test is to check the ratio between the primary and the sec- 
ondaiy windings. For this purpose a transformer of known 
ratio is used as a standard. Connect the transformer tmder 
test with a standard transformer as shown in iig. 4,871 . Leave 



Fig. 4.871.— •Transiormer winding or ratio test. 


switch Sj open. With the single pole double throw switch in 
position S,B, the volt meter is thrown across the terminals of 
the standard transformer. With the switch in position SiA, 
the volt meter is thrown across the terminals of the transformer 
under test. The volt meter should be read with the switch 
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in each position. If the winding ratio be the same as that of 
the standard transformer, the two volt meter readings! will be 
identical. i 

Transfwmer Polaritj Test. — ^This test, sometimes c^led a 
banking test, is of importance. The transformers froiii any 
particular manufacturer have the leads brought out in such a 
manner that a transformer of any size can be connected to 
primary and secondary lines in a given order without danger 
of blowing the fuses due to incorrect connections. All manu- 
facturers of transformers, however, do not bank transformers 
in the same way, so that it is necessary in placing transforms 
of different makes to test for polarity. 

This is done as shown in hg. 4.871. Ohe transformer is selected as a 
standard and the leads of the second transformer connected as indicated 
in the diagram. 

If the transformers be 1,100-2,200 volts to 110-220, two 110 volt lamps 
are co.nnected in the secondaries of tlie transformers as indicated, wl^ 
the primary of the transformer is connected across the line. In trans- 
formers built for two primary and two secondary voltages, it is necessary 
to test each primary and each secondary. The diagram shows the metlmd 
of connecting one 2,200 volt coil and one 110 volt coil to the transfmmer 
to be tested. 

When the primary circuit of the transfoimer imder test is closed, and 
if the secondary leads of the 110 volt coil under test be brought out of 
tite case propeily, the two 110 volt lamps should be brightly illuminated. 
If, on the other hand, the two 110 volt terminals have been reversed, no 
current will flow through the lamps. 

If these two terminals be foimd to be brought out correctly, transfer 
the secondary leads of the transformer under test to the second 110 v(dt 
coil. Up>on dosing the primary circuit, the lamp should again be brightly 
illuminated. Repeat this process with each of Uie secondary coils and the 
other primary coil, and if the lamps show up bright in every case on dos- 
ing the iniinary dreuit, all leads have been properly brought out. 

If on any tests the lamps do not light up brightly, the leads on the 
transformer must be so dunged as to {»oduce the proper hanking. 
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TEST QUESTIONS 

1. What was the criterion of good transformer design 

in early days? 

2. Describe transformer copper loss tests by watt meter 

measurement and impedance. 

3. Is a watt meter subject to considerable error under 

low power factor? 

4. Must the watt meter readings be corrected in copper 

loss test? 

5. How do two or more transformers connected in par^ 

allel divide the load? 

6. Describe the resistance measurement by drop method. 

7 . Describe how to test a transformer for temperature on 

non-inductive load. 

8. When should the resistance method be used? 

9. What is the proper method of calculating the tempera- 

ture rise from resistance measurements? 

10. What precaution should be taken for making the re- 

sistance measurements of large transformers by the 
drop method? 

11. Should all resistance measurements be taken with 

great care? 

12. What is the "bucking" test? 

13. When should the bucking test be used? 

14. Describe in detail transformer temperature bucking 

test. 

15. Explain how the transformer insulation test is made. 

16. Should an insulation test be made for over a 

period of one minute? 
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17 . How should the transformer insulation test be made 

without high tension transformers? 

18 . Describe transformer internal insulation test. 

19 . What other name is sometimes given to the tra\isfor- 

mer internal insulation test? 

20 . Explain the method of making the transformer inii^rnal 

insulation test. 

21 . What precaution should be taken in the making of 

a transformer insulation test? 

22 . Explain how the transformer or ratio test is made 

23 . How is the transformer polarity test made? 
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CHAPTER 94 

Motor Testing 

There are numerous simple tests of motors which may be 
easily made requiring only such instruments as volt meters, 
ammeters and watt meters. 

Since the accuracy of a test not only depends upon correct 
reading, but upon the conditions of the instruments, it ^ould 
be first ascertained that all the instruments used in making a 
test are in proper working order. 

Accmxiingly, as pointed out in a preceding chapter (see 
page 2,855), the instruments should first be tested for accu- 
racy before using them in making a motor test. 

It is important to know how to take readings and to kimw 
all the practical points relating to the instruments. 

Since so much depends upon the proper -handling and con- 
ditions of the instruments, it is suggested that the reader care- 
fully study the preceding chapter before testing motors. 
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How to Connect Instruments for Power Measurement. — 

There are several ways of connecting an ammeter, volt meter 
and watt meter in the circuit for the measurement of mowa*. 
A few of the methods are here discussed and illustrated in 
figs. 4,859 to 4,862. ^ 

With some of the connections it is necessary to cone^ the 
readings of the watt meter for the losses in the coil or coils, 
of the watt meter, or for losses in the ammeter or volt meter. 
This is necessary since the instruments may be so amnected 
that the watt meter not only measures the load but includes 
in its indications some of the instrument losses. 

If the load measured be small or considerable accuracy be 
required, these instrument losses may be calculated as follows: 
Loss in pressure coil is 


EH-R, 

in which, 

E ovoltage at the terminals of the pressure coil. 

R »its resistance in ohms. 

Loss in current coil is I’R, in which 

I »cunent in amperes. 

R aiiesKtanoe of the current coil in ohms. 

In general let: 

Et —voUace across terminals of the volt meter. 

£«>■ Vintage across the terminals of dm pressure coil ct the watt meter. 
Iv ocurrent through current coil of watt meter. 

L •"Current through cunent coil of ammeter. 

Rr<"reriatanee of pressure coQ of volt meter. 

Rw— resistance of pres su re coil of watt meter. 

R*vxredstance Pf current odl of watt meter. 
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R« »Tesistance of current coil of anuneter. 

P„«»watt meter reading. 

P —power to be measured. 

With this notation the losses in the various coils will be as 
follows: 

E*t-s- Rt —loss in watts in pressure coil of volt meter. 

E*w-^Rw “loss in watts in pressure coil of watt meter. 

I*w R^w -loss in watts in current coil of watt meter. 

I*. R, -loss in watts in current coil of ammeter. 

If connections be made as in hg. 4,859, tlie correct power 
of the circuit will be 

Pw— (E* v4'Rt+E*w-*-Rw) in watts and 

In fig. 4,860, 

P«Pw— E*w-5-Rw, in watts 

In fig. 4,861, 

P— Pw— l*w R*w in watts 

or the correct power is the watt meter reading minus the loss in the ament 
coil.of the watt meter. 

In fig. 4,862, 

P-Pw-(E*w^Rw4-l*« R*) in watts 

The usual method of connection is either as in fig. 4,859 or 
fig. 4,860. 

In cither case the cunent reading is that of the load plus the ciurent in 
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the pressure coils of the volt meter and watt meter. Unless the corrent 
being measured, however, be very small, or ..extreme accuracy be desired, 
it is unnecessary to correct ammeter readings. 

In fig. 4,860. a small error is introduced due to the fact that the actual 
voltage applied to the load is that given by the volt meter minus tlie small 
drop in voltage through the current coil of the watt meter. \ 

If an accurate measure of the current in connection, with 
the power consumed by the load be required, the connections 
shown in fig. 4,862 are used, and if extreme accuracy be 



Pig. 4,B72.‘~'Jewel two scale sinffie phase portable testing watt meter. The moving element 
is effectively shielded from outside magnetic fields by a special laminated cooatmctkei* 
The method of obtaining series and paraitel readings is such as to avoid metal links. 
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required, the watt meter reading is reduced by the losses in 
the ammeter and in the pressure coil of the watt meter. 


The loss in the pressure coil of a watt meter or volt meter may be as 
high as 12 or 15 watts at 220 volts. 

The loss in the current coil of a watt meter with 10 amperes flowing 
through it may be 6 or 8 watts. It can be easily seen that if the core or 
copper losses of small transformers are being meastued, it is quite neces- 
sary to correct all watt meter readings for instrument losses. 

In measuring the losses of a 25 or 50 h.p. induction motor, the instrU' 
ment losses may be neglected. 

WATTMETER ERROR FOR A LOAD OF 1,000 VOLT>AMPER£S 
^or a lag of 1 dqiree in the pressure cdl) 


jpoipttr factor 

True watts 

Srror 

Error of indi- 
cation in per 
cent, of true 
value 

■IHIIIII 

1,000 

.3 

0.03 


900 

7.6 

0.85 

A 

800 

10.6 

1.31 

.7 

700 

12.5 

1.78 

.6 

600 

13.9 

2.32 

.6 

fiOO 

15.1 

3.02 

A 

400 

15.9 

3.98 

A 

300 

16.6 1 

5.54 

.2 

200 

17.1 

8.55 

.1 

100 

17.3 

1.73 


NOTE. — In the iron vane type ineirument when used as a watt meter, the current of the 
teries coil always remains in penect phase with the cmrent of the circuit, provided aeries tran»> 
formers be not introduced. The error, then, is entirely due to the lag of the current in the 
pressure coil, and this error in high power factor is exceedingly small, increasing as the power 
factor decreases. In the above table it should be noted that the value of the error as dis- 
tinguished from the per cent, of error, instead of indefinitely increasing as the power iectm 
diminishes, rapidly attains a maximum value which is less than 2 per cent, of the power detiv* 
eied under the same current and without inductance. It should also be noted that the above 
tabulatkm is on the assumption of a lag of 1 degree in the pressure coil. The actual lag in 
Wagner instruments for instance, is approximately .085 of a degree, and the error due to the 
lag of the pressure coil in Wagner instruments is, therefore, proportionally reduced from the 
figures shown in the above tabulation. 
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Connections are seldom used whicli make it necessary to 
correct for the losses in the current coils of either ai^eter 
or watt meter, as the losses vary with the change in the cvirrent. 

On the other hand, the voltages generally iised are £airly con 
110 or 220, and when the losses of the pressure coils at these 
have once been calculated, the necessary instrument correction can 
ily made. 

Single Phase Motor Test. — In this method of measuring the 
input of a single phase motor of any type, the ammeter, volt 
meter and watt meter are connected as shown in fig. 4,873. 







AMMETER WATTMETEW VOLTMETER 




SIMOLE PHASE MOTOR 



FlO. 4373. — Sinj^ phase motor test. 


The ammeter measures the current flowing through the motor, the 
v<rtt meter the pressure across the terminals of the motor, and the watt 
meter the total power input to the motor. With the connections as shown 
the watt meter would also measure the slight losses in the volt meter and 
the pressure coil of the watt meter, but for motors of }4 h.p. and larger, 
this loss is so small tliat it may be neglected. 

The power factor may be calculated by dividing the true 
watts as indicated by the watt meter, by the product of the 
volts and amperes. 

Three Phase Motor Testa.— There are several methods of 
testing three phase motors and known as 
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1. Volt meter and ammeter method; 

2. Two watt meter method; 

3. Polyphase watt meter method; 

4. One watt meter method; 

5. One watt meter and Y box method, etc. 

These methods will now be given. 



Fig. 4374.— Three phese motor test; voU m&Ur and ammmtmr mmthod. 


Volt Metor and Ammeter Method. — In this method of test* 
ing a three phase motor, if it be desired to determine the ap- 
txtndmate load on a three phase motor, this may be done by 
means of the connections as shown in fig. 4,874, and the cur- 
rent through <M3e of the three lines and the voltage across the 
{diase measured. 

If the voltage be approximately the rated voltage of the 
motor and the amperes the rated current of the motor (as 
noted on tfa^ name plate) it may be assumed that the motmr 
is carrying approximatdy full load. 
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If, on the other hand, the amperes show mudi in excess 
full load rating, the motor is carrying an overload. The heat 
generated in the copper varies as the square of the cmrent. 
That generated in the iron varies anywhere from the l.( • power 
to the square. ' 

This method is vay convenient if a watt n»ter be\not 
available, although it is, of course, of no value for the de^r- 
mination of the efficiency or power factor of the apparatus. 



FiO. 4,875. — ^Thjree phase motor test; two watt meter method. 


This method gives fairl/ accurate results, providing the load pn th« 

• three phases of the motor be fairly well balanced. If there be much dif- 
ference, however, in the voltage of the three phases, the ammeter should 
be switched from one circuit to another, and the current measured in each 
■ phase. If the motor be very lightly loaded and the voltage of the different 
phases vary by 2 or 3 per cent., the current in the three legs oif the circuit 
will vary 20 to 30 per cent. 

Two Watt Meter Method. — If an accurate test of a three 
ph^ motor be required, it is necessary to use the metbod as 
shown in hg. 4,875. Assume the motor to be loaded with a 
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brake so that its output can be determined. This method 
gives correct results even with considerable unbalancing in the 
voltages of the three phases. 

With the connections as shown, the sum of the two watt meter read- 
ings gives the total power in the circuit. Neither meter by itsdf meas- 
ures the power in any one of the three phases. In fact, with light load 
one of the meters will probably give a negative reading, and it will then 
be necessary to either reverse its current or pressure leads in order that 
the deflection may be noted. In such cases the algebraic sum of the two 
readings must be taken. In other words, if one read plus 500 watts and 
the other, minus 300 watts, the total power in the circuit will be 500 
minus 300, or 200 watts. 

As the load comes on, the readings of the instrument which gave the 
negative deflection will decrease imtil the reading drops to zero, and it 
will then be nece.s8ary to again reverse the pressure leads on this watt 
meter. Thereafter the readings of both instruments will be positive, and 
the numerical sum of the two should be taken as the measurement of the 
load. 

If one set of the instruments be removed from the circuit, the reading 
of the remaining watt meter will have no meaning. As stated above, it 
will not indicate the power under these conditions in any one phase of 
the circuit. The power factor is obtained by dividing the actual watts 
input by the product of the average of the volt meter readings and the 
avttage of the current readings X 1.73. 

Polyphase Watt Meter Method. — This method of testing a 
three phase motor is identical with the two watt meter method 
^own in fig. 4,875, except that the watt meter itself com- 
Ifines the movement of the two watt meters. Otherwise the 
method of taking the measurements is identical. If the power 
factor be known to be less than 50 per cent. , connect one move- 
ment so as to give a positive deflection; then disconnect move- 
ment one and connect movement two so as to give a positive 
deflection. Then reverse either the pressure or current leads 
of the movement, giving the smaller deflection, leaving the 
remaining mov^ent with the original connections. 
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The readings now obtained will be the correct total watts delivered to 
the motor. If the power factor be known to be over 50 per cent., the 
same methods should be employed, except that both movements i^ould 
be independently connected to give positive readings. 1 

An unloaded induction motor has a power factor of less than 50 perWnt., 
and may, therefore, be used as above for determining the correct con- 
nections. For a better understanding of the reasons for the above rnethod 
of procedure, the explanation of the two watt meter method, fig. 4\875, 
should be read. \ 


The power factor may be calculated as explained under fig, 
4,875. Connect as shown in fig. 4,875. 



Pte. 4376. — ^Three phase motor test; one wait meter method. 


The following check on connections may be made. Let the polyphase 
induction motor run idle, that is, with no load. The motor will then 
operate with a power factor less than 50 per cent. The polyphase meter 
should give a positive indication, but if each movement be tried sep- 
arately one will be found to give a negative reading, the other movement 
will give a positive reading. This can be done by disconnecting one of 
the pressure leads from the binding pwst of one movement. ' When the 
power factor is above 50 per cent., then both movements will give positive 
deflection. 

One Watt Meter Method. — ^This method is equivalent to 
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the two watt meter method with the following difference. A 
single volt meter (as shown in fig. 4,876) with a switch A, can 
be used to connect the volt meter across either one of the two 
phases. Three switches B,C and D, are employed for chang- 
ing the connection of the ammeter and watt meter in either 
one of the two lines. 

With the switches B and D, in the position shown, the ammeter and 
watt meter series coils are connected in the left hand line. The switch 
C, must be closed under these conditions in order to have the middle 
line closed. 



Ific. 4,877. — Three phase motor test; one watt meter and Y box method. 


Ajiother reading should then be taken before any change of load has 
occurred, with switch A, thrown to the right, switch B, closed, switch D, 
thrown to the right and switch C, opened. The ammeter and the cur- 
rent coil of the watt meter will then be connected to the middle line of 
the motor. In order to prevent any interruption of the circuit, the switches 
B,D and C, should be operated in the order given above. 

With very light load on the motor the watt meter will probably give 
n negative deflection in one phase or the other, and it will be necessary 
to reverse its connections before taking the readings. For this pui-pose 
a double pole, double throw switch is sometimes inserted in the circuit 
of the pressure coil of the watt meter so that the indications can be re' 
versed without disturbing any of the coimections 
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It is suggested, before undertaking this test, that the m> 
structions for test by the two watt meter and by the poly- 
phase watt meter methods be read. 

One Watt Meter with Y Box Method. — ^This methoc^, as 
shown in fig. 4,877, is of service only provided the voltkges 
of the three phases be the same. \ 


A slight variation of the voltage of the different phases may cause a 
very large error in the readings of the watt meter, and inasmuch as the 
voltage of all commercial three phase circuits is more or less tmbalaiiced. 



Fig. 4,878.— Test of three phase motor with neutral brought out; one watt matar mmthod. 


this method is not to be recommended for motor testing. With balanced 
voltage in all three phases, the power is that indicated by the watt meter, 
multiplied by three. Power factor may be calculated as before. 

Test of Three Phase Motor with Neutral Brought Out. — 

This test as shown in fig. 4,878, employs a single watt meter. 
Some star connected motors have the connection brought out 
fipom the neutral of the winding. In this case the circuit may 
te connected, as shown in fig. 4,878. 
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The v(dt meter now measures voltage between the neutral and one of 
the lines, and the watt meter the power in one of the three phs^ of the 
motor. Therefore, the total power taken by the motor will be three times 
the watt meter readings. By this method, just as accurate results can 
be obtained as with the two watt meter method. 

fhe power hictor will be the indicated watts divided by the product itf the 
i ndicated amperes and volts. 


lempentare Tegt of a Large Three Phase Induction Motor. 

~In method as shown in fig. 4,879, two motors, inefer> 


THRtE PHRSE 
LINE 





Fte. 4,879.-~Teoiperatare test of a latve three pbaie induction motor. 


abl)f of the same size and type, are required. One is driven 
as a motor and, rjins slightly below synchronism, due to its 
slip when operating with load. This motor is belted to a sec- 
ond machine. If the pulley of the second machiiw be snaller 
than the pulley of the first machine, the secoiKi machine will 
then (^>erate as an alternator and will return to the line as 
much power as the first motor draws from the line, less the 
losses of the second machine. 
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By properly selecting the ratio of pulleys, the first machine can be 
caused to draw full load current and full load energy from the line. In 
this way, the total energy consumed is equivalent to the total of thfe losses 
of both machines, which is approximately twice the losses of a single 
machine. \ 

Fig. 4,879 shows the connection of the watt meters, wi^out 
necessary switches, for reading the total energy by two yratt 
meter method. Detailed connection of the watt meter is 
shown in fig. 4,876. 


EXCITER UNE 
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Fio. 4,880. — ^Alteraator excitation or magnetisation curve teat. 

It is usual, ia nmking temperatue tests, to insert om or more tlier<- 
mometers in what is supposed to be the hottest part of the winding, one 
on the surface of the laminae and one in the air duct between the ircm 
laminae. The test should be continued ttntii the difference in temperature 
between any paut of the motor amd the air reaches a steady value. The 
motor should then be stopped and the temperature of the armature also 
measured. 

IflOTE. — TmmpmntUtr^ of •mall imtueiion moiors are naually made on amall 

Induction motors by belting the motor to a g e o a rat o r and loading the generator with* a lam^ 
bank or restatanee until the motor input is equal to the full load, IC however* the motor he 
of eonsideffabte eiae, such that the cost of power bec om es a comdderable item in the cost o( 
testing* the method ebown in fig. 4*879 'may be ueed* 

NOTE.-— For ih* mppromod mmthod of taking tcmpecattiia readhigs and interprstkifr 
testtlts* see SimdmdiMfion RuUt of the 
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Altomatw Excitation or Magnetization Curve Test. — 

object of this test is to determine the change of the armature 
voltage due to the variation of the field current when the ex- 
ternal circuit is kept open. As shown in fig. 4,880, the field 
circuit is connected with an ammeter and an adjustable re- 
sistance in series with a direct current source of supply. 


The adjustable resistance is varied, and readings of the volt meter 



across the armature, and of the ammeter, are recorded. The speed of the 
generator must be kept constant, preferably at the speed which is given 
on the name plate. The excitation or magnetization curve of the ma- 
chine is obtained by ^dotting the current and the voltage. 

Three Phase Alto’iiator Synchronous Impedance Test. — In 
determining the regulation of an alternator, it is necessary to 
obtain what is called the synchronous impedance of the ma- 
chine. 
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To obtain this, the field is connected, as shown in fig. 4,881. Volt 
meters are removed and the armature short circuited with the ammeters 
in circuit. The field current is then varied, the armatvire driven at syn- 
chronous speed, and the armature current measured by the ammeters in 
circuit. The relation between field and armature amperes is then plotted. 

The combination of the results of this test, with thoie ob- 
tained from the excitation or magnetization curve test sjjiown 
in fig. 4,880, are used in the determination of the regulation 
of an alternator. 

Engineers differ widely in the application of the above to the determina- 
tion of regulation, and employ many empirical formulae and constants 
for different lines of design. 


Three Phase Alternator Load Test. — By means of the con- 
nection shown in fig. 4,881, readings of armature current and 
field amperes can be obtained for any desired load. 

The field current can be vmied also so as to maintain constant arma- 
ture voltage irrespective •)! load; or the field current may be kept con- 
stant and the armatme voltage allowed to vary as the load increases. 

The connections may also be used to make a temperature 
test on the alternator by loading it with an artificial load. 

In some cases after the alternator is installed the connection may be 
used to make a temperature test, using the actual commercial load the 
alternator is furnishing. 

Three Phase Alternator or Synchronous Motor Temperature 
Test. — In this test, as shown in fig. 4,882, two alternators or 
synchronous motors of same size and type are used, and are 
belted together, one to be driven as a synchronous motm* and 
the other as an alternator. The method employed is to syn- 
dtronize the synchronous motor with the altematcM: or alter- 
nators on the three phase circuit, and then connect to the 
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line by means of a three pole single throw switch. The alter- 
nator is then similarly synchronized with the alternator of the 
three phase circuit and thrown onto the line. 

By varying the field of the alternator it can be made to carry approx- 
imately full load, and the motor will then be also approximately fully 
loaded. The usual method is to have the motor carry slightly in excess 
of full load, and the alternator slightly less than full load. Under these 
conditions the motor will run a little warmer than it should with normal 
load, while the alternator will run slightly cooler. 



Fic. 4,882.— Three phase alternator or synchronous motor temperature test; Hr»t method. 


Temperature measurements are made in the same way as 
discussed under three phase motors. 

The necessary ammeters, volt meters and watt meters for adjusting the 
loads on the motors and alternator are shown in above figure. If pulleys be 
of sufficient size to transmit the full load, with, say one per cent, slip, 
the pulley on the motor should be one per cent, larger in diameter than 
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the pulley on the alternator, so as to enable the alternator to remain in 
synchronism and at the same time deliver power to the circuit. , 

With very lau-ge machines imder test, it is inadvisable to use th^ above 
method as it is sometimes difficult to so adjust the pulleys and bat ten- 
sion that the belt slip will be just right to make up for the differmce in 
diameter of the pulleys, and very violent flapping of the belt resultSL To 
meet such cases, various other methods have been devised. One whidi 
gives consistent results is described as fcdlows: 



4,883.— Three phase alternator or eynchronoue motor temperature test; second method. 


In this method, supply the field with normal field current. The arma- 
ture is coiuiected in open delta as shown in fig. 4,883, and full load current 
suit through it from an external source of direct current, care being taken 
to ground one terminal of the dynamo so as to avoid danger of shock 
due to the voltage on the armature winding. The field is then cMven 
at synchronous speed. 

If the armature be designed to be cmmected star for 2,300 volts, the 
vcdtage generated in each leg of the delta will be 1.330 volts, and unless 
(me leg of the dynamo be grounded, the tester might receive a sev^ shock 
by coming in (xmtact with the direct current circuit. The insulation of 
the dynamo would also be subjected to abnormal strain unless one ter- 
minal were grounded. By the above method the field is subjected to its 
full copper loss and the armature to full copper loss and core loss. Tem- 
perature readings are taken as per standardisation rules of the A.I.E.E. 
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This method may also be used with satisfactory results on large three 
phase motors of the wound rotor type. If the alternator pressure be 
above 600 volts, a pressure transformer should be used in connection with 
the volt meter. 


TEST QUESTIONS 

1 . Draw diagrams showing the various ways of connect- 

ing instruments for power measurements. 

2. How are instrument losses calculated for small loads? 

3. In what kind of test may the instrument losses be 

neglected? 

4. When an iron vane type instrument is used as a watt 

meter, explain the action of the current in the series 
coil. 

Explain in detail the method and calculations employed 
in making the following tests: 

5. Single phase motor test. 

6. Three phase motor test. 

7 . VoU meter and ammeter method. 

8 . Two watt meter method. 

9 . Polyphase watt meter method. 

10. One watt meter with Y box method. 

1 1 . TeH of three phase motor with neural brought out. 

12. Temperature test ofalarge three phase indvtUion motor. 

13. Temperature test of small induction motors. 

14. Approved method of taking readings. 

15. Alternator excitation or magnetization curve test. 
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16. Three phase alternator synchronous impedance test. 

17. Three phase alternator bad test. 

18. Three phase alternator or synchronous motor \fenh 

perature test. 
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Useful Informatioii 


To find the circumference of a circle, multiply the diameter by 3.1416. 

To find the diameter of a circle, multiply the circumference by .31831. 

To find the area of a circle, multiply the square of the diameter 
by .7854. 

The radius of a circle X 6.283185 » the circumference. 

The square of the circumference of a circle X .07958 » the area. 

Half the circumference of a circle X half its diameter the area. 

The drcumference of a circle X .159155 ^ the radius. 

The square root of the area of a circle X .56419 » the radius. 

The square root of the area of a circle X 1.12838 » the diameter. 

^ To fiind the diameter of a circle equal in area to a given square, mul- 
|d|dy a side of the square by 1.12838. 

To find the side of a square equal in area to a given circle, multiply 
the diameter by .8862. 

To find the side of a square inscribed in a circle, multiply the diameter 
by .7071. 

To find the side of a hexagon inscribed in a circle, multiply the diam- 
eter of the circle by .500. 

To find the diameter of a drcle inscribed in a hexagon, multiply a 
aide of the hexagon by 1.7321. 

To find the ude of an e^ilateral triangle inscribed in a circle, mul- 
tiply the diameter of the circle by .866. 

To find the diameter of a circle inscribed in an equilateral trian|^ 
multiply a side of the triangle by .57735. 

To find the area of the surface of a ball (sphere), multiply the square 
of the diameinr by 3.1416. 

To find the volume of a ball (sphere), multiply the cube of the diam- 
by .5236. 

Doubling the diameter of a pipe increases its capacity four times. 

To find the presaure in pounds per square inch at the base of a co l u mn 
of water, mtd^y the h^ht of the column in feet by .433. 

A galkm of water (U. S. Standard) weighs 8.336 pounds and onn ta in a 
231 inches. A cubic foot of water contains gallons, 1728 enfaie 
ami weialin 62.425 pounds at a temperature of about 39* F. 

These weiihte change slightly above and bdkiw this temperature. 



Tables and Data 


In accordance wan the standard practice approved by the American 
Standards Associationt the ratio 25.4 mm « 1 inch is used for convert* 
ing millimeters to inches. This factor varies only two millionths of u 
inch from the more exact factor 25.40005 mm, a difTerence so small as i 
be negligible for industrial length measurements. 

Metric Measures \ 

Tb* metric unit of length is the meter — 39.37 inches. 

The metric unit of weight is the gram = 15.432 grains. 

The following prefixes are used for sub-divisions and multiples: 
Milli =* Centi » Deci = i*,, Deca *= 10, Hecto * 100, Kilo 
■■ 1000, Myria ** 10,000. 


Metric and English Equivalent Measures 


Metric 
1 meter 
.3048 meter 
1 centimeter 
2.54 centimeters 
1 millimeter 
25.4 millimeters 
1 kilometer 


MEASURES OF LENGTH 

English 

39.37 inches, or 3.28083 feet, or. 1.09361 yards 
1 foot 
.3937 inch 
1 inch 

.03937 inch, or nearly 1-25 inch 
1 inch 

1093.61 yards, or 0.62137 mile 


Metric 
1 gram 
.0648 gram 
28.35 grams 
1 kilogram 
•4536 kilogram 

1 metric ton 
1000 kilograms 

1.016 metric tons 
1016 kilograms 


MEASURES OF WEIGHT 


} 


English 
15.432 grains 
1 grain 

1 ounce avoirdupois 
2.2046 pounds 
1 pound 

f.9842 ton of 2240 pounds 
^ 19.68 cwt. 

(2204.6 pounds 

1 ton of 2240 pounds 


MEASURES OF CAPACITY 


Metric 


1 liter ( 1 cubic decimeter) 

28.317 liters 
3.785 liters 
4.543 liters 


English 

f 6 1.023 cubic inches 
.03531 cubic’ foot 
.2642 gal. (American) 

.2.202 lbs. of water at 62* F. 
1 cubic foot 
1 gallon (Anterican) 

1 gallon (Imperial) 



Tables and Data 


English Cionverslon Table 

Ltngtk 


Inches X 

Inches X 

Inches X 

Feet X 

Feet X 

Ysids X 

Yards X 

Yards X 

Miles X 

Bliles X 

Miles X 

Circumference of circle X 

Diameter of drde X 

ilrsa 

Square inches X 

Square inches X 

Square feet X 

Square feet X 

^uare yards X 

Square yards X 

Dm. of dide squared X 

Dia. of sphere squared X 

Foiums 

Culnein^es X 

Culnc iadies X 

CuInc inches X 

Cu^ feet X 

feet X 

Cubic feet X 

CuIhc yards X 

Cubic yards X 

Dk. of q>here cubed X 

Wtidd 

Grains (avoirdupois) X 

Ounces (avoirdup<M) X 

Ounces (avoirdupois) X 

Pounds (avoirdupois) X 

Pounds (avmrdiqxM) X 

Pounds (avcurdupois) X 

Tons (avotrdupom) X 

Tons (avtdrdupois) X 


.08SS 

■» feet 

. 04778 

yards 

.00001578 

"• miles 

.8338 

■■ yards 

.0001804 

miles; 

86.00 

incfael 

8.00 

■■ feet 

.0005681 

« miles 

68800.00 

inches 

5480.00 

■« feet 

1760.00 

yards 

.3188 

OB diameter 

8.1416 

» circumference 

.00604 

square feet^ 

.0007716 

square ^ards 

144.00 

square mdies 

.11111 

» square ^ards 

1206.00 

■K squase inches 

0.00 

square feet 

.7854 

» area 

8.1416 

» surface 

.0005787 

«■ cubic feet 

.00004148«« cubic yards 

.004840 

■■ U. S. ^llons 

1728.00 

■> cubic inches 

.08704 

■■ cubic yards 

7.4805 

•B U. S. i^allons 

46656.00 

» cubic inches 

27.00 

>■ cubic feet 

.5286 

■> volume 

.004286 

V ounces 

.0625 

mm pounds 

.0000S125» tons 

16.00 

m ounces 

.01 

mm hundredweight 

.0005 

<■ tons 

82000 00 

ounoes 

2000.00 

■» pounds 
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English ConversiOtt Table 

Energy 


Horsepower 

>< 

ssooo. 

■.ft.-lb8. per min. ' 

B. t. u* 

X 

778. «6 

-ft.-lbs. 

Ton of refrigeration 

X 

200. 

>.B. t. u. per min. 

Pressure 

Lbs. per sq. in* 

X 

2. SI 

« ft. of water (MTF.) 

Ft .of water (60®F.) 

X 

.433 

» lbs. per sq. in. 

Ins. of water (CO'^F.) 

X 

.0361 

« lbs. per sq. in. 

Lbs. per sq. in. 

X 

27.70 

=« ins. of water (60®P.) 

Lbs. per sq. in. 

X 

2.041 

ins. of Hg. ^60®F.) 

» lbs. per sq. m. 

Ins. of Hg (eO^^F.) 

X 

.490 

Power 

Horsepower 

X 

746. 

» watts 

Watts 

X 

.001341 

«» horsepower 

Horsepower 

X 

42.4 

** B. t. u. per min. 


Water Factors (si point of greatest density — ^S9.a*F) 


Miners inch (of water) 

X 

8.976 

U. S «gals* per m 

Cubic inches (of water) 

X 

.57798 

ounces 

Cubic inches (of water) 

X 

.036124 

ae pounds 

Cubic inches (of water) 

X 

.004329 

U. S. mllons 

Cubic inches (of water) 

X 

.003607 

« English gallons 

Cubic feet (of water) 

X 

62.425 

pounds 

Cubic feet (of water) 

X 

.03121 

= tons 

Cubic feet (of water) 

X 

7.4805 

« U. S. gallons 

Cubic feet (of water) 

X 

6.232 

» English gallons 

Cubic foot of ice 

X 

57.2 

« pounds 

Ounces (of water) 

X 

1.73 

» cubic inches 

Pounds (of water) 

X 

26.63 

= cubic inches 

Pounds (of water) 

X 

.01602 

** cubic feet 

Pounds (of water) 

X 

.1198 

« U. S. gallons 

Pounds (of water) 

X 

.0998 

» English gallons 

Tons (of water) 

X 

32.04 

«« cubic feet 

Tons (of water) 

X 

239.6 

« U. S. gallons 

Tons (of water) 

X 

199.0 

» English gallons 

U. S. gallons 

X 

231.00 

« cubic inches 

U. S. gallons 

X 

. 13368 

« cubic feet 

U. S. gallons 

X 

8.345 

pounds 

U. S. gallons 

X 

.8327 

» English gallons 

U. S. gallons 

X 

3.785 

sa iiters 

English gallons (Imperial) 

X 

277.41 

cubic inches 

English gallons (Imperial) 

X 

.1605 

» cubic feet 

English gallons (Imperial) 

X 

10.02 

pounds 

English gallons (Imperial) 

X 

1.201 

U. S* gallons 

English gallons (Imperial) 

X 

4.546 

» liters 
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Metric CSonversion Table 


Lgmgtk 


Millimeteni 

X 

.03937 

inches 

MiUimeten 

-*■ 

25.4 

>■ inches 

Centhneters 

X 

.3937 

» inches 

Centimetert 

+ 

2.54 

■■ inches 

Meters 

X 

39.37 

inches (Act. Cong.) 

Meters 

X 

3.281 

» feet 

Meters 

X 

1.0936 

yards 

Kiloineters 

X 

.6214 

>■ miles 

Kilometers 

4 * 

1.6093 

« miles 

Kilometers 

X 

3280.8 

— feet 

Area 

Sq. Millimeters 

X 

.00155 

sq. in. 

Sq. Millimeters 

-*• 

645.2 

» sq. in. 

Sq. Centimeters 

X 

.155 

w sq. in. 

Sq. Centimeters 


6.452 

» sq. in. 

Sq. Meters 

X 

10.764 

sq. ft. 

Sq. Kilometers 

X 

247.1 

» acres 

Hectares 

X 

2.471 

a acres 

Volupte 

Cu. Centimeters 


16.387 

*- cu. in. 

Cu. Centimeters 


3.69 

- fl. drs. (U.S.P.) 

Cu. Centimeters 

+ 

29.57 

» fl. 02. (U.S.P.) 

Cu. Meters 

X 

35.314 

=• cu. ft. 

Cu. Meters 

X 

1.308 

— cu. yards 

Cu. Meters 

X 

264.2 

« gals. (231 cu. in.) 

Litres 

X 

61.023 

» cu. in. (Act. Cong.) 

Litres 

X 

33.82 

fl. 02. (U.S.P.) 

Litres 

X 

.2642 

■> gals. (231 cu. in.) 

Litres 

• 4 " 

3.785 

.. gals. (231 cu. in.) 

Litres 

+ 

28.317 

»> cu. ft. 

Hectolitres 

Hectolitres 

X 

3.531 

— cu. ft. .-s 

X 

2.838 

= bu. (2150.42 cu. in.)^ 

Hectolitres 

X 

.1308 

» cu. yds. 

Hectolitres 

X 

26.42 

» gals. (231 cu. in.) 

Weight 

Grams 

X 

15.432 

n mins (Act. Coi^.) • 

«* dynes 

Grams 

4 - 

981. 

Grams (water) 

Grams 

4 - 

4 - 

29.57 

28.35 

•• fl. 02. 

■■ 02 . avoirdupdis 

KUo^frams 

X 

2.2046 

lbs. 
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Metric Conversion Table (Cont.; 


Weight 


Ktlo-grams 

X 

35.27 

n 02 . avoirdupow 

Kilo^grams 

X 

.0011023 

>» tons (2000 lbs.) 

Tonneau (Metric ton) 

X 

1 . 1023 

tons (2000 ibs.) 

Tonneau (Metric ton) 

X 

2204.6 

« Ibs. 


Unit Weight 




Grams per cu. cent. 

-!• 

S7.C8 

e Ibs. per cu. in. 

Kilo per meter 

X 

.072 

Ibs. per ft. 

Kilo per cu. meter 

X 

.06243 

= Ibs. per cu. ft. 

Kilo per Cheval 

X 

2.23.> 

5= lbs. per h. p. 

Grams per liter 

X 

.06243 

lbs. per cu. ft. 


PressuH 




Kilo-grams per sq. cm. 

X 

14.223 

» Ibs. per sq. in. 

Kilo-grams per so. cm. 

X 

32 843 

« ft. of water (60^ 

Atmospheres (internatiofial) X 

14.690 

Ibs. per sq. in 


Energy 

Joule 

X 

.7376 

« ft. IBs. 

Kilo-gram meters 

X 

7.233 

ae ft. ibs. 


Poxver 


Cheval vapeur 

X 

.9863 

= h. p. 

Kilo-watts 

X 

1.341 

= h. p. 

Watts 


746. 

== h. p. 

Watts 

X 

.7373 

= ft. ibs. per sec 


Miscellaneous 


Kilogram calorie 

X 

3.068 

B. t. u. . 

Standard gravity 


080.665 

» centimeters per see. 

(Sea level 4^^ lat.) 
Frigories/br. (fVeneb) 

♦ 

SOSS.O 

per sec. 

B Tons refrigemtioii 
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The follo^ving pngcs show tempcratiu^s on Fahrenheit and Centigrade thermometers. 

Equivalent Temperature Readings for Fahrenheit 
and Centigrade Scales 


Fahrcn* 

hett 

Degs. 

Centj- 

grxidc 

Degs. 

Fahren- 

heit 

Degs. 

Centi- 

grade 

Dtgs. 

Fahrcn. 

belt 

Pegs. 

Centi- 

grade 

Pegs. 

Fahrcn- 

heit 

Pegs. 

CentJ. 

grade 

Pegs, 

^—450.4 

—273 

-21. 

—29.4 

17.6 

-8. 

56:/ 

13,3^ 

— 43C. 

—270. 

—20.2 

-29. 

18. 

—7.8 

ft?-: 

)3.» 

— 41«. 

—200. 

-20. 

—28.9 

19. 

—7.2 

5?.2 

14. 

--400. 

—240. 

-19. 

—28.3 

19.4 

-7. 

68. 

14.4 

—382. 

—230. 

—18.4 

-28. 

20. 

—6.7 

59. 

15. 

— 3B4. 

—220. 

-18. 

—27.8 

21. 

—6.1 

60. 

IS.ft 

—346. 

—210. 

-17. 

—27.2 

21.2 

—6. 

60.8 

16. 

—328. 

—200. 

— ic.e 

~27. 

22. 

—5.6 

61. 

16.1 

—310. 

—190. 

-16. 

—26.7 

23. 

-5. 

62. 

16.7 

— 2D2. 

—180. 

-15. 

—26.1 

24. 

—4.4 

02.6 

17. 

—274. 

—170. 

—14.8 

-26. 

24.S 

-4. 

63. 

17.2 

—256. 

—160. 

-14. 

—25.6 

25. 

—3.9 

64. 

17,8 

— 23S. 

—150. 

-13. 

-25. 

26. 

—3.3 

04.4 

18. 

—220, 

—140 

-12. 

—24.4 

26. ft 

-3. 

65. 

18.8 

—202. 

— J30. 

—11.2 

-24. 

27. 

—2.8 

66. 

18.8 

—184. 

—120. 

—11. 

—23.9 

28. 

—2.2 

66.2 

19. 

—166. 

—110. 

-10., 

—23.3 

26.4 

-2. 

67. 

19.4 

—148. 

—100. 

— 9.4 

-23. 

29. 

—1.7 

68. 


—139. 

— 95. 

— 9. 

—22.8 

30. 

—1.1 

69. 

20.8 

—130, 

— 90. 

— 8. 

—22.2 

80.2 

—I. 

69.8 


—121. 

— 85. 

— 7.6 

-22. 

31. 

-0.5 

70. 

21.1 

—112. 

— 80, 

7, 

—21.7 

32. 

0. 

V- 

2i.r 

—103, 

— 75 

— ’ 6* 

—21.1 


•^0.5 

n.5 


— 94. 

— 70. 

— 5.8 

-21. 

33.8 

1.. 

2* 


— 85. 

— 65. 

— 5. 

—20.6 

34. 

1.1 

73. 

22,8 

— 76. 

— 60. 

— 4. 

-20. 

35. 

1.7 

73.4 

23. 

— 67. 

— 55. 

-3. 

—19.4 

35.6 

2. 

2^* 

23.8 

— 58. 

— 50. 

— 2.2 

-19. 

36. 

2.2 

75. 

23.8 

— 49. 

— 45. 

-2. 

—18.9 

37. 

1 2.8 

55.2 


— 40. 

— 40. 

-1. 

—18.3 

37,4 

3. 


tU.4 

— 33. 

— 39.4 

— 0.4 

—18. 

38. 

3.3 


25. 

— 38.2 

— 39. 


—17.8 

39. 

3.9 

/8* 

25.8 

— 38. 

-38.9 

+ 1* 

—17.2 

39.2 

4. 

58.8, 

26. 

— 37. 

— 38.3 

1.4 

-17. 

40. 

4.4 

79. 

25.1 

— 30.4 

— 38. 

2. 

—16.7 

41. 

5. 

80. 

25.7 

— 36. 

— 37.8 

3. 

—16.1 

42. 

5.5 

80.6 

27* 

— 35. 

— 37.2 

3.2 

—16- 

42.8 

5. 

8K 

25.8 

— 34.6 

— 37. 

4. 

—15.6 

43. 

6.1 

82. 

27.8 

— 34. 

— 36.7 

5. 

-15. 


6,7 

82.4 

28. 

— 33. 

— 36.1 

6. 

—14.4 

44.6 

7. 

83. 

28.8 

— 32.8 

— 36. 

6.8 

-14. 

45. 

7.2 

84. 

28.8 

— * 32. 

— 35.6 

7. 

—13.9 

46., 

7.8 

84.2 

29. 

31 ■ 

— 35. 

8. 

—13,3 

46.4 

8. 

85. 

29.4 

30. 

— 34.4 

8.6 

-13. 

47. 

8.3 

86. 

85* 

— 29.2 

— 34. 

9- 

—12.8 

48. 

8.9 

87. 

30.8 

— 23. 

— 33,9 

10. 

—12.2 

48.2 

9. 

87.8 

81. 

•-28. 

— 33.3 

10.4 

-12. 

49. 

9.4 

88. 

31.1 

— 27.4 

-33. 

n. 

— n.7 

50. 

10. 

89. 

31.7 

^27. 

— 32.8 

12. 

— ii.i 

§1. 

10.6 

89.5 

32. 

— 26. 

— 32 2 

12.2 

-11. 

51.8 

11. 

90. 

32.2 

— 25,6 

-82. 

18 . 

—10.6 

§2. 

11,1 

91. 

32.8 

2$. 

— 31.7 


-10. 

53. 

11,7 

91.4 

33. 

mm 

— 31.1 

15. 

— 9.4 

53,6 

12. 

92. 

83.8 

— > 23 8 

-31. 

15.8 

— s. 

§4* 

12.2 

n. 

83,8 

—wl 

— 30.6 

Ifi* 

— 8.9 I 

55. 

12.8 

93,3 

If* 

— a. 


If* 

— 8.3 

55.4 

13. 

M* 

84.4 
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